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CONSTRUCTION AND STRENGTH OF REINFORCED CONCRETE COLUMNS. 
By W. Duny. 
Read before the Royal Institute of British Architects, Monday, 21st November 1904. 


N the minds of many architects and builders there lingers, based on many unpleasant 
experiences, the feeling that concrete is a treacherous and unreliable material. In all 
such experiences there was something mysterious: the cement came from a maker of 

established repute, it had been specified ‘ Best London” Portland cement, the sand and gravel 
looked clean, and the builder was an honest man. Nevertheless, it failed to set; it cracked ; 
it thrust out the walls, and generally led to a great deal of trouble. I propose to-night, with 
your indulgence, to examine some of the precautions we should take to prevent such mis- 
chances. 

To make good concrete much care in the selection of the materials and in the mixing is 
required. The cement is the most important ingredient, and we naturally consider how we 
are to get it. In my view, the only way to get good cement is to constantly test it, and to 
reject the cement which is faulty. 

To rely wholly on a maker’s name I have found, from experience, is almost useless. I do 
not undervalue the importance of employing only those who have a long record of good work. 
In the manufacture of cement there is every temptation to make more money by using less care, 
und by indifference ; and the men who are determined to make a good article at any cost are 
but few indeed. It is always undesirable to specify any special maker if we can avoid it. 

Now, to thoroughly test all the cement as to chemical composition, specific gravity, 
tensile and compressive strength, fineness of grinding, and constancy of volume is, no doubt, 
impracticable in buildings when the amount required is small, and when it is only brought on 
the ground in small quantities. But there is, unfortunately, no other way of ensuring that only 
good cement is used, and if you test the cement delivered on your works frequently, so that 
you become known to the merchants, you will find that a dangerous article is less and less 
frequently sent. I say dangerous, because when floors, walls, roofs, or pillars are made of 
concrete, a bad cement is really dangerous to life. Apart from danger, we suffer from inferior 
cement in many ways: cement rough cast, which shows fine hair-cracks all over, lets in the 
water; cement floors crack and eventually work up; concrete foundations from which, if 
made properly, sparks would tly when struck by the pick, fail to set and are little better than 
sand and gravel, to our serious loss. 

If we want a good article, the first step is to state clearly what are the qualities we 
require. The British Standardisation Committee is now drafting a standard specification for 
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cement. It is not yet published, but when it is, unless very materially altered, it will, if 
what I have heard of it is correct, be of little use to architects. It would be an excellent 
plan if the Institute, the Builders’ Institute, and the cement makers, could agree upon a 
standard, suitable for architectural work ; and possibly our Science Committee might take the 
matter up. But until we can write in our specifications that the cement is to be in accordance 
with the Institute standard we must describe it ourselves. Many cement experts have given 
us model specifications, but the manufacture of cement has improved greatly in this country 
within the last five years, and there are some points in cement specification required for 
building work which a cement expert scarcely values. 

[ shall therefore say a few words about some of the usual clauses in cement specifi- 
cation, and about the methods of testing. 

Fineness of Grinding. —This is all-important, as only the very fine particles have 
cementitious value. Anyone for a few shillings can purchase cement sieves and test this 
quality. Foreign makers were much ahead of us a year or two ago; now we can get English 
cement which will all pass a 76 by 76 and leave only 10 per cent. on a 180 by 180 sieve. 

A good cement is economical ; we make a stronger mortar or concrete with much less of it, 
so that the extra cost is more than repaid. The particles which are retained, even on a 180 
by 180 sieve, are practically so much sand. 

Time of Setting.—I strongly urge the use of a slow-setting cement; but still we find 
much difticulty in getting it. I suggest that pats made with 22 per cent. of water should set 
in not less than five hours when the temperature is at 34° I’., and in not less than twenty 
minutes when the temperature is at 75°, and proportionately in time when the temperature is 
hetween these points. 

The cement should be considered (as usual) as set when a needle having a point ,',, of an 
inch square and weighing 2} lbs. makes no impression. Remember that an excess of water 
retards the time of setting but diminishes the strength, and that it is useless fixing a limit for 
the time of setting, unless we also specify the temperature. Quick-setting cements are of no 
use in ordinary building work ; all our operations take time, and when setting begins before 
the concrete is deposited in place, that perfect union which is essential is destroyed. 

Soundness or Constancy of Volume.—This, I should say, is one of the most important 
qualities a cement should have. ‘Tests without elaborate apparatus are fortunately available. 
Make two cement pats on small pieces of glass, tap them out to a circular shape, about 
3 inches diameter, | inch thick in the centre, and with thin edges ; keep one under water and 
one in air for several days. The cement should then show no cracks, change of shape, or 
tendency to curl off the glass, if sound. 

What is called an acceleration test is sometimes used. In its simplest form it is the 
boiling test, and is made as follows :—Make two or three small balls of cement about 14, inches 
or 2 inches diameter, using the least possible quantity of water, and let them harden, resting 
on some non-absorbent material in moist air; after forty-eight hours put these balls in a pot 
of water and slowly heat to boiling point ; keep the water at this temperature for an hour or 
so and let them gradually cool. A thoroughly sound cement should show practically no 
cracking or disintegration. ‘The value of this test has been much criticised ; undoubtedly it 
is a severe one. 

Another test is Le Chatelier’s, and consists in making small prisms of neat cement, cast 
in cylinders of thin metal which are not continuous, but have an opening on one side. At 
this side are attached two long prongs of steel, so arranged that if the opening in the side of 
the cylinder increases by the swelling of the cement, this increase in the distance between the 
ends of these prongs will be increased a certain number of times more. The prisms are cast 
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in the cylinder and on a plate of glass, the cylinder being kept together by a metal clip while 
the prism is being made. The clip is removed when the prism is set, and the prism, still 
enclosed in its casing, is placed in water, which is gradually heated to the boiling point and 
kept at that temperature for about four hours. The expansion, as shown by the distance 
between the ends of the prongs, should be almost zero. 

Tensile Strength.—This I regard as the least important; it is the test on which the 
most varied results may be got by different observers according to the method employed in 
filling the briquettes. A strength of 400 lbs. per square inch at seven days and 25 per cent. 
increase in twenty-eight days is usually asked for and easily attained; many briquettes I 
have found go up to nearly 1,000 lbs. at seven days. In mixing, use the minimum quantity 
of water, about 22 per cent. by weight being usually sufficient. Mix the cement on a smooth 
non-absorbent slab, and ram it in the mould very gently in layers of about } inch. When 
the moulds are filled strike smooth with a trowel and keep in a damp, cool atmosphere until 
you can remove them from the moulds. There are many advocates for sand, in place of pure 
cement, briquettes ; briquettes made with one of cement to three of Leighton Buzzard standard 
sand being required to bear not less than 150 lbs. per square inch at seventeen days and 
230 Ibs. at twenty-eight days. 

A reliable testing machine is required for this work, and, as I say, the results obtained 
vary largely with the skill and care of the experimenter. 

Chemical Composition.—I do not think we need specify the chemical composition. 
Remember that when we insert a condition in our specification we not only impose the 
obligation on the builder to comply with it, but we lay a burden on ourselves to see the 
condition carried out. We cannot ourselves make a proper analysis, and have rarely either 
the money or the time to get a chemist’s report. 

Weight.—The clause in old specifications requiring the cement to weigh not less than 
112 lbs. per striked bushel is for several reasons obsolete. It should be replaced by a deter- 
mination of the apparent density which is dependent on the fineness of grinding, and is 
required for the purposes of calculating the proportions by the volume of the materials to be 
used in preparing the concrete. In preparing the concrete the cement should always be 
allotted by weight, its quantity being calculated from the determination of the apparent 
density. By this method a premium is put upon fineness of grinding, which is one of the 
characteristics of the best quality of cement. 

I strongly urge my brother architects to test the cement they use by one and all of the 
foregoing tests, as often as they can. 1 am sure it will save many after troubles. I am well 
aware that tests by inexperienced and unskilled operators are very unreliable ; but very little 
practice is required for the simpler tests, and if these raise doubts as to the cement, we may 
then send samples to some expert to settle the matter. 

It is not unusual to specify that sufficient cement should be delivered on the works at 
starting, kept stored in a dry weather-proof shed to a depth of not more than 2 feet and turned 
over daily for a fortnight before use. It is found that makers send out the cement hot from 
the mills, and (unless it is a very high-class cement) it is much improved by air slaking. 
Aeration seems to improve an inferior cement by the slaking of the free lime, which, if it took 
place in the work, would be dangerous. A thoroughly sound cement should have no free lime 
in it, and is not improved by air slaking ; it rather suffers ; cement in which there is no free 
lime can be produced by the maker, but it requires much care in the making, and is conse- 


quently expensive. 
As regards the aggregate, the strongest concrete is made with broken stone or gravel ; 
the size should vary from large sand to small stones, passing a 1-inch mesh, for floors or 
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walls, to 14-inch or even more for foundations. The cleanliness of the aggregate and the 
water is most important, as is also the cleanliness and sharpness of the sand. Small 
sand only, such as would run in an hour-glass, is utterly useless—the sand must not have 
regular grains, but have about twice as many large particles as small ones. I show you 
here some specimens of suitable sand and gravel such as are used in reinforced concrete floors, 
with a sample of the kind of concrete produced when the mixture is one of cement to four of the 
sand and gravel. 

The sand and cement should be in such proportion as to give the most compact mortar, 
i.e. the mortar in which there are the fewest voids. Careful scientific study has not yet 
succeeded in giving us any simple rule to fix this proportion for different kinds of sand, but 
1 of cement to 2 or even 3 of sand give generally the best results. 

So with the concrete; the mortar of cement and sand should be a little more than 
sufticient to fill the voids between the stones or gravel. Usually there is 40 per cent. to 
50 per cent. of voids, and 1 of cement to 2 of sand, and 3 or even 4 of broken stone or gravel, 
makes the strongest concrete. 

Now we come to the mixing. It is of course work which can be done by labourers, but 
not work which can be done without supervision. For good concrete, such as is required in 
floors, four men should be employed in the mixing. The platform on which the operation 
takes place should be formed of closely jointed boards. A square frame without bottom or top 
is placed on the platform and the aggregate is filled in this; the frame is removed and the 
aggregate spread out in a crater-like form. The required amount of cement—best fixed by 
weight—is then poured in the centre. Instead of the usual turning over with shovels only, 
one man turns the mixture over with a shovel and two are engaged in turning it over with a 
three-pronged rake. The water is only added from the rose of a watering-pot after the second 
dry turning over, the use of the rake being kept up all the time, and the minimum quantity of 
water used. No amount of turning over with the shovel only could produce the intimate 
mixture which the rakes do. 

Concrete mixing machines are much used in America and on the Continent, producing 
very good and uniform results. These machines are rarely seen here. One has frequently 
seen on a building a lot of concrete mixed up, and left for an hour or so before being set in 
place. If too stiff, more water was added. Such treatment of the material invites disaster ; 
initial set begins very quickly, and the concrete should be put in position as soon as mixed, and 
without a moment’s delay. 

When the concrete is eventually laid on the centreing, or put in the moulds, it should be in 
thin layers 2 to 8 inches thick, and beaten down with iron beaters very carefully all over. 
This is essential in order to prevent the formation of voids, and to increase the resistance of 
the concrete. A visit to any work in reinforced concrete which is being carried out by a 
specialist would certainly be an interesting and instructive experience for those whose 
acquaintance of concrete has only been with ordinary foundations and builders’ concrete 
floors. 

Having thus briefly reviewed various matters connected with the material, we now turn 
to the consideration of the strength of the material in place. I beg you will bear with me 
while I reeall some very elementary facts in the behaviour of material under stress, as it is 
almost necessary for the proper development of the subject. 

If we take a small solid cylinder of india-rubber or vulcanite and put pressure on each 
end, the length is diminished and the diameter is increased. Fig. 1 shows such a cylinder 
after the pressure is applied. 
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G. 1.— SPECIMENS OF, VULCANITE CYLINDERS 1-IN, DIAM. AND 2 IN. HIGH, FIG. 2.—SPECIMENS OF WROUGHT IRON SHORTENED UNDER COMPRESSIVE STRESS OF 
SHORTENED § IN. UNDER COMPRESSIVE STRESSES OF 11,286 LBs., 150,000 LBS, PER SQUARE INCH, 45°3 PER CENT, 43°5 PER CENT, AND 41°5 PER 
11,956 LBs., AND 12,211 LBs. PER SQUARE INCH RESPECTIVELY. CENT. RESPECTIVELY. 

° 
PIG. 3.—CAST-IRON CYLINDERS AND PRISM BROKEN UNDER COMPRESSIVE 


STRESS 


The internal stress may be pictured to the mind by imagining the molecules of the body 
as spherical before the pressure is applied. When the body is stressed these little spheres 
become ellipsoids —flattened spheres—the diameters being greater of course at right angles 
to the pressure. The sum of these molecular changes makes up the change in shape of the 
whole body. 

It must not be supposed that because the swelling is greatest in the centre of the length 
the stress is greatest there. The reason why the ends have not swollen so much in the 
centre is because the ends are confined by the friction between the bedding surfaces. 

No material which we use in building is so perfectly elastic as india-rubber ; but we use 
wrought iron, soft and medium steel, lead, &c., which submit to considerable change of shape 
before reaching the elastic limit. When compressed beyond that limit they spread out 
indefinitely, having no ultimate yield point. 

Fig. 2 shows the result of compressing solid wrought iron cylinders beyond the limit 
of elasticity. The metal spreads and increases its diameter or sectional area indefinitely 
under an increasing load. It is, in fact, a plastic or viscous material. Soft steel behaves 
similarly. 








6 JOURNAL OF THE ROYAL INSTITUTE OF BRITISH ARCHITECTS (26 Nov, 1904 


CUBE, 


STONT 


U-1N, 





HIGH, 


13. 1N, 


DIAM,, 
I. 


IN, 


BATH STONE, 








STONE CUBE. 


6-IN, 





REINFORCED CONCRETE 


bo 
ae | 


Now, in a piece of material under stress, within the elastic limit 


intensity of stress co 

ae ~ =modulus of elasticity ; 

strain due to it 

from which we can, knowing the modulus of elasticity of a material, calculate the shortenii 
or lengthening under stress. 

The swelling or diminution in a transverse direction may be also caleulated by what is 

known as Poisson’s ratio. This is the ratio of the lateral swelling to the longitudinal 


dD 


a 
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shortening, or of the lateral contraction to the longitudinal lengthening, according as we are 
dealing with compressive or tensile stress. For building stones, this varies from 0-091 to 
0-345 (tests of American building stones made at the Watertown Arsenal, quoted in Johnson’s 
Materials of Construction, p. 645); for steel it is O°286 (French Commission des Méthodes 
d' Essai des Matériaux de Construction, 1895, vol. iii. p. 6); for lead 0°4282 (French Com- 
mission des Méthodes d’ Essai des Matériaue de Construction, 1895, vol. iii. p. 6) ; for india- 
rubber about 0°5. 

All our materials change shape under compression, undergoing a shortening of the length 
and a swelling of the cross section ; but brittle materials such as cast iron, hard steel, stone. 
cement, &c., fail before the swelling is very noticeable by shearing along certain definite 
planes. Fig. 3 shows some solid cast-iron cylinders broken under compressive stress, in 
which these planes are very clearly marked. 

Prisms of stone broken under similar stress are shown in fig. 4, and in these also we 
trace the planes before mentioned. These examples deserve careful study. Observe that in 
the stone cylinders a conical wedge, of which the base is one of the , 
hearing surfaces, is driven into the body of the prism, bursting it P 
outwards, splitting it up into many pieces. If the end bearings | 
are not of the full area of the piece the base of the conical wedge is 


@ 


only of the size of the actual bearing. This is because the lateral 
friction on the bearing surface prevents swelling and bursting at oO / 
that section. It has often been said that the use of lead as a bedding ™\ ¥ 

in compression tests of stone is bad, as the flowing of the lead rs) A 
splits off the beds. Is it not rather the other way, that the truest 





value of compressive strength would be got if there were a perfect 
lubricant on the ends to permit of uniform stress throughout the 
length of the piece? When we test stone cubes, the increase of 
strength given by this friction on the ends is very great, and leads 
to the most erroneous ideas of the strength of the material. 
The shorter the specimen in proportion to the length the more important is this effect. 

In the two cubes in fig. 4 we see the characteristic method of failure of stone, concrete 
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und cement prisms. 

Without troubling you with too much in the way of mathematics, we may recall the 
nature of the internal stress in a prism of material in a state of simple compressive stress. 

In tig. 5 let the axis OX be drawn in the direction of the stress P, and let AA be a 
section normal to this axis. Since the stress is uniformly distributed over A A, 


» 


= intensity of stress on AA = p. 
AA l 


Let B B be another plane at any angle @ with the normal plane AA. The total stress on 
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this plane is (as before) P, but as there is a larger area to resist the stress, the intensity of the 
stress on B B is less than the intensity on A A. 
The intensity of the stress on BB 


Pp 
P P 
= = / f = ‘OS d= ) CUS ° 
BB ao) AA™ pmee 
\COS é 


This stress being oblique to the plane on which it acts may be* resolved into normal and 
tangential components, and we find that 


p, =p Ccos* 6 and Pp, =p sin @ cos @. 


p, is greatest when @ is 45, and as the greatest tangential or shearing stress is thus on 
a plane inclined at 45° to the horizon, it might be assumed that shearing would take place on 
that plane. But there is a frictiona’ resistance to slipping on this plane, as the two surfaces 
are being pressed together. The shear stress along the plane B B is thus 


p, — tan  p 
when tan @ is the coefficient of friction (@ being the angle of repose of the material on itself). 


Accordingly 
p (sin 8 cos 6 — tan dh cos * 0) 


is the shearing stress ; and this isa maximum on that plane for which @ = 45° +" or 45° + half 


the angle of repose. 

This theoretic plane of rupture is about 55 degrees for cast iron, and about 60 degrees 
for limestone, which agrees fairly with the results of experiments. ‘Thus, because of the effect 
of end friction being so great, and because of the short length not allowing freedom to shear 
on planes of this angle, tests on cubes give resistances to compression much beyond what is 
found for longer prisms. 

Such tests, as pointed out by Hodgkinson long ago, should be made on prisms at least 
1}, times the width or diameter in height in order to allow of failure in this way. 

Now prisms of stone or cement swell (though very slightly) before rupture under com- 
pression, and if it were possible to prevent that swelling by applying a lateral force, the 
material would stand a much greater compressive stress before rupture. This has been 
investigated theoretically by Professor Perry in his Applied Mechanics (p. 345). It has also 
been proved by experiment by M. Considere, who has communicated the results of his trials to 
the French Académie des Sciences in a note of the 18th March last. An abstract of his paper 
wppears in the Génie Civil for the 80th April, 1904. 

M. Considére prepared a large number of solid cylinders of cement of 30 millimetres 
(1,°, inch) diameter and 80 millimetres (3! inch) long. These cylinders were made of cement 
and sand in the proportions of 300 kilogrammes, and 600 kilogrammes of Portland cement per 
cubic metre of sand (about 1 of cement to 5 of sand, and 1 of cement to 2-3 of sand respectively). 
They were tested (at the various ages quoted in the table below) immersed in waiter, which 
water was under pressure varying from nothing to 150 kilogrammes per centimetre carre 

2,133 lbs. per square inch). ‘They were placed in the box of an hydraulic press, filled with 
water, and known pressures applied to the water, so that while the cylinders of cement were 
under compression on the ends, they were also subjected to known compressions all round, 
which pressures resisted the tendency of the cylinders to swell and burst outwards. To make 
certain that the pressure of the surrounding liquid produced the same effect as if the cylinders 
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had been tightly bound round by some strong material, they were covered with a thin layer 
of pure cement and anothe iver of Wax over that, so that the water could not penetrate into 
the cylinder. The average results of M. Considere’s many tests are given in the following 
table :— 

TABLE I. 


C 100) +H i 





lL) 74:3 2271 645°2 
B 600 Que) 1608 
\ L7O°4 17's V34°7 
nes per centimetre carre. 
The figures put in the f rf lingram with English measures may be more readily 


understood, and this i lone in f (5 
The average res ults t tl I r series tested are indicated by the letters A b C and D. 


The diagram shi ders of cement and sand in the proportion of about 5 to 1 
which failed under « load of 1,057 Ibs. per square inch at 126 days, when there was no lateral 
pressure applied, bore 9,177 lbs. per square inch, when there was a lateral pressure of 2,133 lbs. 


per square inch applied by the water all round—i.c. 86 times as much. Similarly cylinders 


of 2°3 of sand to 1 of cement, which failed under a load of 2,424 lbs. per square inch at 126 
days, only failed unde id of 13,294 lbs. per square inch, when there was a lateral pressure 
of 2,133 Ibs. per square inch applied all round, or about 5} times as much. 

[ am loth to burden this paper with the mathematical investigation of the question, and 
refer those interested to Professor Perry’s and M. Considere’s papers already mentioned. 
These writers base their discussion on Rankine’s ‘ Ellipse of Stress,” which, as given in 
Rankine’s own works, is not easy to grasp. 

In Alexander and Th mnpsons Llementary Applied Mechanics, however, the ellipse of 
stress is fully explained, and a preliminary reading of part of the last-named book should 


enable any one to follow Considere’s or Perry’s reasoning. 

Now we cannot surround our columns with water under pressure, but we can produce the 
same resistance to the swelling and bursting action to which attention has been drawn, at 
least in concrete columns, by binding the columns with iron or steel wire. 

Makers of concrete columns do so bind them, with more or less etticiency, according as the 
effort to be combated is more or less clearly understood. Fig. 7 shows a Hennebique column, 
which is, in principle, what is done by other concrete specialists. In all there is, first, the 
concrete ; second, vertical bars of metal, von or steel; third, bindings of sheet metal or wire. 

The method of construction is very simple. A wooden box or mould is made in which 
the rods are set upright; one of the bindings is then put in, and about 6 inches or 12 inches 
of concrete well rammed down: another of the bindings is put in and the process repeated. 

The special functions of the vertical rods are (a) to aid the concrete in resisting the 
compression due to the load ; to resist any tensile stress which may be set up in the con- 
crete by unequal loading or by any want of homogeneity in the material itself, which tensile 
stresses cannot be safely left to the concrete to overcome. 

Almost all the makers of reinforced concrete constructions put their trust in the vertical 
rods of metal, as the speci il element adding strength to the concrete, if we may judge by the 
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large proportion of metal so used, and by the rules employed to fix the safe load, which rules 
take no account of the binding. 

If there were no initial stresses in the combination the load would be carried by the two 
materials on the inverse proportion of their rigidities: that is to say, if the concrete were 10 
times as easily compressed as the iron or steel, 
the iron or steel would be carrying 10 times 
as much per square inch as the concrete. 

But the question is not so simple. It is a 
well-ascertained fact that concrete setting in 
air shrinks, while concrete setting in water ex- 
pands. Columns for buildings always set in air, 





and consequently the concrete shrinks. As the 
concrete adheres rigidly to the metal, the con- 
crete is put in tension and the metal in compres- 
sion—into a state of internal initial stress 
hefore the load comes on. 

So strong is this action that the concrete 
may be at the limit of its tensile strength, and 
the metal at its elastic limit from this cause 
alone. No formula has so far been devised 
which takes this initial stress into proper 





aecount. 

I know that many builders and some archi- 
tects believe that concrete swells in the setting. 
That it does not do so when set in air has been 
made certain by the careful experiments of 
MM. Meier and Schumann in Germany, and of 
the Ecole des Ponts et Chaussées in Paris, con- 
firmed by even more careful and full investiga- 
tions by M. Considere. Of course, if we use a 
cement with free lime, which afterwards blows, 
the concrete will swell, but we are considering 
the proper use of good material. 

The function of the bindings is to prevent 
lateral swelling and bursting. M. Considére 
was the first to give this its proper considera- 
tion and importance. In almost all columns, 
except M. Considére’s, these bindings are usually 
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i - 5 FIG, 7.—FRAMEWS OF IHENNERIQUE COLUMN, SHOWING VERTICAL 
about 6 inches to 12 inches apart, showing that KODS AND HORIZONTAL BINDING, 
the true use of the metal is not yet fully recog- — (‘ol 2? feet high and 11 inches square. Four g-inch bars each 
. . : 13 feet long, ¥;-inch diam. wire bindings, 10 inches apart. 


nised. 

Having thus recalled the nature of the work to be done by our concrete and the reinforce- 
ment, let me now give the results of some experiments on concrete in compression, armoured 
and unarmoured, before passing to the consideration of the formula used in fixing the 
dimensions of columns. 

The strength of concrete to resist compression when not reinforced by metal naturally 
varies within very wide limits, as the factors which enter into the value are very numerous. 

The nature of the sand and gravel, the quality of the cement, the proportions of the 
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mixture, the quantity of water used, the amount of ramming given, the age at which it is 
tested, the condition in which the piece has been kept until tested—all these vary in some way 
in every piece. Then the size and shape of the test piece also affect the result. Cylinders 
generally give better results than prisms, and small pieces than large pieces; while the 
length in relation to the diameter, or least width, and the accuracy with which the piece is set 
in the testing machine, and the load applied at the true centre of the section, have consider- 
able influence on the result. 

Columns of concrete are usually mixed about 1 : 8 or 1: 4or1 : 5,and would rarely be fully 
loaded in less than two months after making. At that time we might fairly expect, for short 
prisms of unarmoured concrete, a resistance of at least 2,300 lbs. per square inch for the 
1 : 3 mixture, and of 2,000 lbs. per square inch for the 1 : 5, if the concrete had been made 
by skilled men with good material. 

This would only be got in short pieces, not in long columns. The material and the 
skill employed influence the result very considerably, but with the utmost care the results 
vary largely. 

It is one of the chief gains of metal reinforcement that we are less dependent on either 
the materials used in the concrete or the skill of the workman. The metal employed is of 
known strength, and may be so used as to resist the shearing, which is the cause of failure. 

Tests of full-size columns are not numerous. Prof. Gaetana Lanza, in the Transactions 
of the American Society of Civil Engineers (Vol. 50, 1903, page 487), gives the following 
report of certain tests made by him :— 

“The composition of the concrete was the same in all cases, viz.: 1 part by volume of 
Portland cement (Star Brand), 3 parts by volume of sharp, clean, and coarse sand from 
Newbury Port, Mass., 4 parts by volume of trap rock from Somerville, Mass., which would 
pass a 1-inch ring sieve, and 2 parts by volume of the same kind of rock which would pass a 
t-inch ring sieve, these proportions being such as would a little more than fill the voids in 
each case. 

“The quantity of water used varied from 6 per cent. to 7} per cent. by weight. The 
tensile strength of the steel bars used, when plain, varied from 56,000 lbs. to 63,000 lbs. per 
square inch ; when twisted, the strength was about one-third greater. 

“Some of the columns were built with one reinforcing rod placed at the centre of the 
section, and others with four rods placed respectively at the middle parts of the four half 
diagonals of the section. In the case of the 8 inches by 8 
inches columns, the rods terminated 4 inch from each end 7 . 











of the column, while in the case of the 10 inches by e . ls 
10 inches columns the ends of the rods were flush with the 



































ends of the columns.” Table II. gives the details of Prof. 8 

Lanza’s tests. o < 4° 
The concrete used for these columns was very weak, i. ® © 53% 

being of 1: 3:6 only. There was no binding to the 

columns, and the length in proportion to the side was " 

very great. The ultimate strength reached was very good _— 9%— 

indeed, having regard to the length and the mixture of |... ea ie. arene 

concrete, and in fact such as would not be got with ordinary =~ "metal 4} per cent. of total ares of pillar. 


workmen. 

M. Gary, of the Ecole Polytechnique, at Charlottenbourg, tested, in 1899, a pillar of the 
Hennebique type, of which the section was as in fig. 8. 

On that figure I have marked the principal dimensions. The column was of a height 
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equal to thirteen times the side. The concrete was mixed at 1 to 4,and the age at testing was 
three months. This pillar broke at 3,641 lbs. per square inch. The four vertical bars curved 
outwards in the interval between two bindings, which did not fail. At this place the concrete, 
broken up by oblique fissures, formed two pyramids, the point of each directed towards the 
other, like the ends of the carbon points in an are lamp. 

The report of the Commission des Vottes de la Société des Ingénieurs et Architectes 
Autrichiens, published in 1901, gave the results of tests on prisms of large dimensions, formed 
of concrete of 1 to 84, reinforced, not with four bars of considerable sectional area in each, as in 
the last example, but with a number of smaller vertical bars and much closer bindings of wire. 
The vertical rods were about 1 per cent. of the section, and failure occurred at a mean 
resistance of about 3,860 lbs. per square inch at three to four months. At the moment of 
failure the outer covering of concrete was destroyed and the vertical bars bent. 

Vertical fissures heralded the yielding of the cores, which, however, were not wholly 
broken up. 

M. Considére has tested a very large number of prisms reinforced by spiral bindings and 
vertical rods under compressive stress, the results being given in his papers on “ Résistance a 
la compression du béton armé et du béton fretté,” in Le Génie Civil, for November and 
December 1902. From this I have taken the Table No. III. which indicates very clearly 
the enormous gain in strength due to the reinforcement, especially to the spiral binding. 

The present writer in the Jovrnat of the Royal Institute of British Architects for 21st No- 
vember, 1903, described a column of 9 inches diameter and LO feet long, tested to destruction, 
which failed at 2,805 lbs. per square inch. ‘This had failed near one end, the yielding being 
purely local. After standing some time, the column was severed at the break and the end made 
good. When two months had expired after this making good, the shortened column (now 
sixteen months old, except the end part) was tested by Messrs. Kirkaldy, with the results given 
in Table IV. Note that the percentage of metal was in longitudinal rods °61 per cent., 
3 per cent. ; or 1°08 per cent. in all; these being reckoned in relation to the 
part within the spiral binding. 


in spiral wires ‘4: 


If reckoned in relation to the whole volume of column, the total percentage would be in 
spirals -29 per cent., in longitudinals *41 per cent. ; or °7 per cent. in all. 

Another similar column, but with a large percentage of metal, kindly made by Messrs. 
Cubitt & Co., who have executed a number of complete structures on the Hennebique system, 
was tested at Kirkaldy’s Testing Works on 22nd June, 1904. 

The particulars of this column and the results of the loading are also given in Table IY. 
The percentage of metal in relation to the core was, in spirals, *98 per cent., in longitudinals 
yg | per cent. ; or 8°45 per cent. in all. If the percentage is measured in relation to the total 
volume, including the part outside the spirals, we have *65 per cent. in spirals, and 1 per cent. 
in longitudinals ; or 1°65 per cent. in all. I have plotted the results of these three tests 
on squared paper in diagram form, fig. 9, by which the relative strengths may be more 
readily seen. 

In these three tests the failures were gradual and purely local; the columns were 
uninjured and showed no sign of distress, save for about a length of 12 inches near the break, 
as may be seen from the photographs in figs. 12 and 13, and in the paper previously mentioned. 
In the last case the local failure might arise from the fact that all the concrete used was 
mixed at once, and as the making of the column took two hours, and a rather quick-setting 
cement was used, it is probable that the concrete had begun to set before it was put in the 
mould at the end where failure occurred, 
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In the case of the column of Table IV. which was tested at sixteen months, the end which 
crushed was the end made good, which end itself was only two months old. 

A better result would have been attained with a larger percentage of metal in the spirals. 
Wire of a greater diameter than ,', is difficult to bend, but flat ribbons of a larger sectional 
area than ;°, might be used instead. 

Another factor in the question is the rate of loading. In tension tests of steel, 
variations in the time rate of loading make practically no difference in the results. In less 
homogeneous materials, where the particles have to rearrange themselves under stress, the 
time rate has more influence; but I am unable to say how much greater the strength might 
have been had the load been more slowly applied. A single experimenter is sadly handicapped 
by the cost, and little can be learnt from a few tests. 

I gather from Considére’s experiments that greater strength might also be got by repeated 
loadings well below proof load ; but here, also, opportunity did not enable me to experiment. 

I will now give the rules which various constructors use to determine the necessary sizes 
of reinforced concrete pillars to carry given loads. 

M. Tedesco (see Le Ciment for January 1900) provides 6°3 square inches of concrete, and 
about ‘0309 square inches of metal in the section of a pillar per ton of load. This rule has 
the merit of simplicity. For instance, a pillar is required to carry thirty tons. The sectional 
area must then have thirty times 6°3 or 189 square inches of concrete; for a square section 
we should require a pillar 133 inches by 13} inches. It would be reinforced by thirty times 
‘0309 square inches of metal, or “927 square inches ; say, with 4 rods each, ‘231 square inches 
in area, or ;"; inch diameter. Roughly this is about } per cent. of metal. 

Should it be desired to make a column very long in proportion to the diameter, 
M. Tedesco increases the quantity of metal up to 14 per cent. of the total section. He thinks 
that a mixture of 1 of cement to about 55 of aggregate (7.c. about 420 lbs. of cement per cubic 
yard) is sufficient for short columns, but recommends that the mixture should be richer in 
cement in proportion as the length of column increases. For similar reasons he recommends 
that columns of small section should be of richer mixtures. 

Ir. what is known as the Hennebique formula it is assumed that when the concrete is 
loaded 9 355 Ibs. per square inch, the metal is at the same time loaded to 14,220 lbs. per 
square inch, ‘This gives the simple formula 

P= p'N + 7a. 
Where P=the total safe load, 

(=the total sectional area of the pillar, 

w =sectional area of the vertical reinforcing rods. 

p'=allowed compression per square inch (in lbs.) on the concrete=355 lbs. per 
square inch, 

7’ =allowed compression per square inch (in lbs.) on the metal=14,220 lbs. per 
square inch. 


In M. Hennebique’s work the mixture of concrete is usually 448 lbs. of cement to the 
cubic yard of aggregate, or in volume about 1 to 4 when the best quality of cement is used ; 
this gives 586 lbs. (51 ewts.) or 1 cubic yard of concrete in position and rammed. 

In diagram [fig. 94], the results of what is usually known as Hennebique’s column formula 
have been plotted for various sizes of columns. 

To use the diagram to find the size of column to carry a load of, say, 80 tons, find the 
load in tons on the left hand margin and trace the corresponding horizontal intersection with 


any dotted raking line. Select a suitable section in relation to the height, say, 15 inches by 
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15 inches, then trace the vertical corresponding to this intersection to the scale at the foot of 
the diagram and read the necessary area of metal to be used in the vertical rods—in this case 
7 inches, or rather more than 3 per cent. This would be supplied by four rods 14 inches 
diameter each, one at each corner. 

We might, instead of using a 15 inch by 15 inch section, use a 14 inch by 14 inch 
section ; then we would require about 7°7 square inches in the vertical rods; or we might 
take a 16 inch by 16 inch section, requiring 6°2 square inches, as found from the diagram. 

If it be required to find the safe load which may be put on a square column of which the 
size is known, and in which there is any given section of metal, find the sectional area of 
metal on the scale at foot of diagram and trace it upwards to intersection with the raking 
dotted line corresponding to the given sign of the column. 

Trace the horizontal through this intersection to the scale of tons at the left hand side of 
diagram and read the corresponding safe load. 

(The foregoing assumes that the loading is central, and that the column is of ordinary 
proportion. From Lanza’s experiments, given in table, and from Considére’s investigations, it 
appears that up to, say, 18 diameters in height, there is no material reduction in strength due 
to increase in length.) 

This Hennebique formula assumes a ratio between the elasticity of the metal and the 
concrete, which does not at all accord with the results of experiment. 

It assumes that the concrete is shortened forty times more than the metal under similar 
stresses per square inch. . 

The ratio between these shortenings—the ratio between the coefficients of elasticity of 
the two materials—has been investigated by MM. Coignet and Tedesco, who found that the 
highest value of this ratio, about 21, which we will call m, corresponds to the poorer concrete, 
and the lowest value, about 7, to the richer quality. 

(Poor concretes we should naturally expect to yield more than strong concretes. Put in 
other words, the poorer the concrete the greater the share of the load borne by the iron.) 

M. Tedesco concludes that the value of this ratio m should be taken between 10 and 20 
wecording as the concrete is mixed at from 1 to 2 to 1 to 4. This would be the ratio at the 
end of about six weeks; with increase of age, the concrete would probably bear more of the 
load and add to the factor of safety. 

This ratio m lying between 10 and 20 gives us the more rational formula for the strength 
of reinforced concrete columns. Multiply the sectional area of the vertical reinforcement by the 
ratio m, and add this increased fictitious sectional area to the area of the concrete ; the sum, 
multiplied by the allowable safe load on the concrete, will give the safe load on the pillar. 
The actual safe load on the steel will be » times as much per square inch as on the concrete. 

The rational formula is given by M. Christophe in his book Le Béton Armé. Let 
Q, w, p’, 7’ have the same significance as before, and let E’ represent the coefficient of 
elasticity of the concrete in compression, and E the coefficient of elasticity of the metal. 

The net section area of the concrete will be ()—o. 

The total load P will be borne thus : 

P=p'Q+7'0. 
The shortening of the concrete and the metal being equal, we have 
y 7 
Yr es 


oe — 
If we indicate the ratio rE by the letter m, we may write 


4 


P=p'(Q-—@)+p' mo 
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which may also be put 


P=p'[Q+(m—1)o} 
also 
T=mp'. 

M. Christophe would allow a safe load on the concrete of 355 to 568 lbs. per square inch, 
according to the nature of the structure and degree of security required, and takes m=10. 
Taking the lower limit of 855 lbs., I have plotted the results in full lines on the diagram, 
fig. 94, which may be used as already described, save that the full lines are to be used instead 
of the dotted lines. As before, these figures apply only to columns of moderate height in 
proportion to the diameter or least side. 

In a circular dated 16th April, 1904, the Prussian Minister of Public Works sent to the 
building authorities under his jurisdiction certain regulations for the use of reinforced 
concrete in buildings, in which it is required that concrete in columns shall not be stressed 
beyond one-tenth of its breaking strength, and gives the following formule for calculating the 

stresses in columns, with 


1000 central loads. In that 
900 circular the ratio between 

the elasticity of the steel 
800 and the concrete is fixed 
100 at 15. 

P=p' (0+ 15a) 
600 p 
p= i 

500 0O+15@ 
400 T= 


~O4+15@ 

For eccentric pres- 
sure, and for long col- 
umns, a proper reduction 
is to be made in the load- 
ing, in accordance with 
i 2 3 4 ‘the usual formule for 


PERCENTAGE OF METAL IN VERTICAL RODs, 
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Allowable stress per square inch reckoned on the whole area of column, 


' such pieces, and in all 
Diagram showing the allowable stress per square il on conerete columus with different 














percentages of r¢ rcement according to different formula, cases the bindings shall 
A, Hennebique’s formula. ‘ 
B. Christophe’s upper limit. not be spaced further 
C, Christophe’s lower limit : . 
D, Prussian Government r ulations for concrete which crushes at 2,500 Ibs. apart than thirty times 


per re inch it 


E, Marsh's fannie. the diameter of the up- 
right rods. 

The official Prussian formula, given above, is the rational in the simpler form, in which 
the area of the concrete is taken as the gross area of section, without deducting the area 
occupied by the vertical bars (a method sufticiently accurate when the percentage of reinforce- 
ment is small), and with the ratio of the elasticity of steel and concrete taken, not at 10 as 
Christophe recommended, but at 15. From recent American experiments, carefully made, 
it appeared to be about 12 at a stress of 600 lbs. per square inch. The ratio varies with the 
stress, as the modulus of elasticity of concrete, unlike that of steel or iron, is not constant 
wt all stresses within the elastic limit. 

The stress per square inch of sectional area of column allowed by the three rules may 
be readily compared in fig. 9b. 


: 
: 
{ 





— 


bmn he tn 


<.ewnnt™ 





REINFORCED CONCRETE 43 


To find from this figure what safe load may be put on a concrete pillar armed with any 
civen percentage of metal, find the number corresponding to the percentage on the scale at 
hase, trace the vertical through this number to the intersection with the raking line of the 
formula chosen, and read on the intersection of horizontal through this point, with the scale at 
the side, the allowable load per square inch of section. As will be seen, the authors vary 
much in their ideas of what is a safe load. 

The foregoing formule apply to columns in which the vertical rods are united by 
horizontal bindings at frequent intervals. 

These bindings fulfil an important function in keeping the rods from bending outwards 
and resisting the swelling and consequent failure of the concrete. The binding does not 
enter into the formula, however, which assumes that the only effect of the metal reinforcement 
is supplied by the vertical rods, which add their resistance 
to compression to that of the concrete. 

(In an indirect way, the binding is relied on to enable 
rods and concrete combined to reach the strength assumed.) 7 

| 
| 





These rules may be said to have stood the test of time, 
and to be safe for good workmanship and materials of the 
mixture specified. But they do not represent correctly the 
state of affairs. For cement concrete set in air (as all +, 
columns are) shrinks in the setting if sound cement is 
used ; in shrinking it draws the metal rods with it, and, 
shortening them, compresses them. 

This shortening, as determined by experiments on 
prisms of mortar, of 1 of cement to 2°3 parts of sand, l 
follows a fairly regular line. From trials made in 1902 | 
at the cole des Ponts et Chaussées, according to a pro- 4] ) 
gramme arranged by the Commission on Armoured Con- i 
crete, on concrete composed of 300 kilos of cement to 0"' 800 PIG, 10, rie. 1, 
of gravel of 25mm., and 0"* 400 of sand, it appears that the 
shrinkage of the concrete had imposed on the metal, in pieces of the dimensions in fig. 10, a 
compression of 6,520 lbs. per square inch; and, in pieces of the dimensions in fig. 11, a 
pressure of 10,000 to 14,000 lbs. per square inch. 

This compression in the rods is accompanied by a corresponding tension in the concrete, 
which would be equivalent to the breaking load in pieces not reinforced. 

So far no formula has been devised which takes proper account of these facts. 

We now come to columns of hooped concrete. M. Considére, who has given so much 
study to this particular type, has formulated rules by which the strength may be estimated. 
He thinks that the ultimate resistance of a hooped column exceeds the sum of 
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(1) The resistance to crushing of the concrete not reinforced. 

(2) The resistance of the longitudinal rods stressed to their elastic limit. 

(3) The resistance of imaginary longitudinals of which the volume is equal to 
2-4 times that of the spiral reinforcement, also stressed to the elastic 
limit. 


For the column tested by the writer and described in the R.I.B.A. Journau for 21st Novem- 
ber, 1903, we proceed to find the probable breaking stress by M. Considere’s rules, as follows :— 
The proportion of the volume of the vertical rods to the volume of the concrete being 
‘0061, the proportion of the spiral wire being -0048, and the limit of elastic strength of the 
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steel being 37,000 lbs. per square inch, the ultimate strength of the column per square inch 
erceeds 

(1) The resistance of the concrete, say. ; . 2,000 Ibs. per square inch. 

(2) 4 longitudinals -0061 » 37,000=881°84 

(3) = spiral 2-4 x ‘0043 x 37,000= 225-7 


2607°54 


This column bore 2,805 lbs. per square inch at two months. (In these calculations the 
covering of concrete outside the spiral wire is neglected, as it has no influence on the strength.) 

When shortened and again tested at the age of sixteen months [fig. 12] it bore 4,373 Ibs. 
per square inch. 

In the column aged two months [fig. 13], detailed in Table 4, the proportion of the volume 
of the vertical wire to the hooped volume of the concrete was ‘0247, and of the spiral -00985, 
the steel being of the same quality as before, and capable of bearing 80,000 lbs. per square 


inch before rupture. Accordingly the ultimate strength per square inch should exceed :- 
Strength of concrete. ° ; -= 2,000 Ibs. per square inch. 
longitudinals ‘0247 x 37,000= 876-68 2 
“ spirals 2°4 x 00985 x 37,000= 913-9 = 
3790°58 


It failed at 5,190 lbs. per square inch, reckoning the area resisting the pressure at the 
part within the spiral only. 

M. Considére considers that a factor of safety of about 3°7 should be sufficient when these 
rules are used. They gave with fair accuracy the strength of the members in an experi- 
mental bowstring girder bridge of 65°6 feet span of hooped concrete, which was made and 
tested to destruction by M. Considere. Failure occurred in that bridge by the yielding of a 
compression member, the stress at the moment of rupture approximating fairly closely to the 
calculated ultimate resistance of the piece as found by the formula. 

I have described two kinds of columns, one in which the vertical reinforcement is relied 
on to add to the resistance—the kind made by nearly all the concrete specialists—-and the 
other in which the spiral binding forms the principal source of strength. I consider the 
latter the more scientific construction ; but there are other considerations affecting the ques- 
tion which we may glance at. 

The vertical reinforcement has usually heavy rods which are sufticiently stout to stand 
upright in the mould without requiring much in the way of temporary securing. The ligatures 
or bindings are put on at the top, grouped together, and as the wooden mould is gradually 
closed up, and the ramming in of the concrete gradually done, each ligature is dropped into 
its position as required. 

As the metal is much more expensive than the concrete—resistance for resistance—it 
follows that the less the percentage of metal the cheaper the column. But there is another 
factor —the amount of labour required. The column with spiral binding requires less metal 
to give the same resistance, but the cost of the labour is more. In those I made and tested 
the reinforcement was so slight that the vertical rods and the spirals had to be bound with 
thin wire at nearly every intersection to keep it all in place, thus adding materially to the 
cost. It had to be put in the one piece in the complete mould, and the filling and ramming 
had to be done from the top. This means that the concrete was not so compact as it would 
have been had the ramming been done as the mould advanced in height. But my object in 
this paper is more to call attention to the scientific principles involved, and to show how 
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columns may be made in accordance therewith, than to weigh all the merits or demerits 
of either system. 

To sum up, concrete not reinforced is a material of very variable strength ; reinforce- 
ment by steel or iron gives us a material much less variable. In hooped concrete, especially, 
we have a combination of which we can fairly well predict the power ; there is no reason to 
fear sudden failure, as long before the ultimate resistance is reached we have ample warning 





























FIG. 13.—COLUMN AGED TWO MONTHS, AFTER FAILURE, 


by the flaking off of the outer covering, and strength could be added by increasing the 
hooping spirals. Such a column, moreover, will submit to a considerable bending before 
failure, and is thus more capable of resisting the secondary stress due to eccentricity of 
loading and slight settlements. The Engineering Record of 8th October last gives some most 
interesting tests made in the presence of Professor Greene of the University of Michigan 
on beams made with thé Kahn system of reinforcement. In these tests beams of concrete 
12 inches deep, 16 inches wide at top, and 8 inches wide at bottom, reinforced with 14 to 
mM 
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2 per cent. of metal, when tested on 14-feet 6-inch spans, deflected 24 inches before rupture 
under loads of 45,000 to 47,000 Ibs., uniformly distributed. The photographs of the bent 
beams which accompany the article prove that concrete of good material, and properly 
reinforced, does not fail suddenly, and is as flexible as steel. 

How reinforced concrete would resist fire, and how far it would deteriorate with the lapse 
of time by the rusting of the steel in the concrete, are questions which may be answered here. 
From all the reports on the Baltimore fire, where as intense heat was experienced as will 
ever occur, the reinforced concrete constructions appear to have stood best. Concrete and iron 
or steel expand at about the same rate under changes in temperature, and the permanence of 
the concrete covering in fires is no doubt due to this. 

There is now no doubt that iron or steel buried in ordinary concrete remains uninjured 
for generations. Pieces of iron have been found in concrete made hundreds of years ago, 
practically untouched by rust. 

When an architect decides upon adopting reinforced concrete for a structure, or part of it, 
he will probably put the work in the hands of one of the many concrete specialists, who 
makes his own calculations for the strength of the members, and arranges the details of 
the construction according to his own ideas. But as the responsibility must always in some 
measure lie with the architect, he will naturally want to check the specialist’s work, parti- 
cularly when the contract has been let in competition, and there is an object in the specialist 
endeavouring to reduce cost to a minimum. 

These notes may be of some slight service to those who find themselves in charge of 
reinforced concrete work, and may help to stimulate interest and belief in a method of 
construction in which this country lags behind her sister nations. 

Iam greatly indebted to Messrs. David Kirkaldy & Sons for the use of the specimens 
I have chosen as illustrations in figs. 1, 2, 3, and 4. Messrs. Kirkaldy have a splendid 
collection of examples of the highest interest to Architects, and it is a pity that it is so little 
visited by them. I also wish to express my obligation to Messrs. Cubitt & Co., who have 
most generously helped by making the columns tested and by discussing many questions 
with me. 
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Fig. 5,—TEst OF HENNEBIQUE BEAM [p, 52). 


MONOLITHIC CONSTRUCTIONS IN HENNEBIQUE'S FERRO-CONCRETE. 
By L. G. Movcnen. 


Read before the Royal Institute of British Architects, 21st November 1904. 
GENTLEMEN, — 

CONSIDER it a great honour to have been invited by the President and Council of your 
illustrious Institute to come before you to-night to say a few words on the subject of 
ferro-concrete. I realise that this honour is not due to my merits ; but only to the 

fact that it has been my fate to be the pioneer of the new material in Great Britain. This 
work of initiation has been, I confess, an arduous one; still, I frankly admit that the task 
has not been without its compensations, and not the least of them has been the privilege 
which it has procured me of coming in contact with many English architects and engineers 
whose courtesy and kind support have been a precious encouragement to me. 

I meant at first to assume that ferro-concrete was a subject quite familiar to all of you, 
and to limit my effort to the description of one of the buildings erected on the Hennebique 
system, and then to show you a few pictures of ferro-concrete constructions. But I have 
yielded to advice, and have treated the subject as if it were entirely new to all of you. 

Concrete has a high co-efficient of resistance to compression stresses, while its resistance 
to tensile and shearing stresses may for all practical purposes be considered ni/. Steel, on 
the contrary, offers great resistance both to tensile and shearing stresses. 

From those well-known properties of the two materials arose the idea of making use of 
one in order to complete or correct the shortcomings of the other. There remained to be 
found the most effective and economical method of combining the two materials ina structure ; 
and, to make them work simultaneously and harmoniously, I mean to use concrete wherever 
there is compression, and to meet the shearing and tensile stresses where they occur, by 
means of iron or steel. 

Therefore, if we compare a ferro-concrete beam to a rolled steel joist, as per fig. 3, the 
steel rods placed in the lower part of the former represent the line of traction which, in the 
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steel joist, is constituted by its lower flange; while the concrete, which forms the flooring 
above the beams, and which is relied upon to resist 
the compressive stresses, is the equivalent of the 
upper flange in the rolled joist. The web is formed 
by the conerete which encases the bars, and connects 





the axis of compression to the axis of tension. But 
this would be a very weak web indeed if it were com- 
posed solely of concrete —it could not resist the 





shearing stresses. You know the effect of shearing 
stresses is to cause the formation in the beam of 





cracks at an angle of about 45° with the horizontal, 

close to the supports. This angle decreases, and the 
cracks become of less importance as they get nearer the middle of the span. In order to 
meet these stresses, M. Hennebique suggested the fixing round the lower tension bars stirrups 
of hoop steel (which are shown, fig. 1); these bars resting in, and being in absolute contact 
with, the curve of the stirrups. 

These stirrups, as you will see [fig. 2], are disposed vertically; and they oppose the 
formation of the cracks which, without them, would be the result of the action of shearing 
stresses. You will remark that their number is greater near the supports where the shearing 
stress is maximum, and they become less towards the centre of the beam. It is the affair of 
the calculator to determine exactly the section of these stirrups, their position and their number. 
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But the role of these stirrups does not end there. You will remark the hook shape given 
to the end of their branches ; that shape plays a very important part in the whole arrangement. 
The stirrups connect the line of tension to the web of compression ; and any bending of the 
tension bars, ever so slight, causes, through the medium of these hooks, tightly embedded in 
the concrete, that flexion to be transformed into a compression stress. 

Moreover, these stirrups oppose the tendency which the prism of concrete working in 
compression has to slide on the iower part of the beam. They, so to speak, nail together these 
two parts of the beam; they oppose edgeways their greatest section to that tendency. In 
that respect the adoption of flat steel for these stirrups is a most happy one. 

In most of the ferro-concrete structures the beams are continuous, and it is very 
economical to consider them as semi-fixed at both ends instead of supported only. You see, 
in fig. 4, how the tension bars pass over the supports from one beam into another, and how 
strongly each of them is held in the concrete of the next beam. 

[ also call your attention to the shape given to the end of each bar—how the surface of 
contact is increased by opening it; it is a veritable Lewis bolt, 
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As you see, we take great care to use steel practically as it leaves the steel-makers 
except for the slight bend which we give to some of the bars [fig. 2} and the opening of the 
ends. We do not twist the steel, we do not tear and torture it ; we carefully avoid any of those 
operations which disturb its molecules, and without any doubt impair its original value in 
unknown proportions, The bars held by the Lewis bolt just referred to cannot slip. Besides, 
there is the adherence of the concrete to the bar. It has been ascertained that a bar 
embedded in conerete, of a length equal to about fifteen times its diameter, is perfectly held, 
and its hold is such that it would break rather 
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adopt) tensile stresses are maximum in the 
lower central part of the beam, and negative 
at the lower part of that beam as we near 
the supports; whereas, at the upper part, ; xy 
near the supports, the tensile stresses reach 

another maximum. ‘Therefore at this point we require a sufficient section of steel to meet 


fixed beam (the case which we generally (3) =——— ==. cy ————— 
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these tensile stresses. 

For that reason M. Hennebique suggested raising the ends of some of the tension bars 
from the lower part of the beam to its upper part, near the supports—see fig. 2. The 
triangle formed by the lower bars, the raised bars, and the stirrups is an indeformable one, 
which gives great rigidity to the structure. 

What I have just said of the beams applies equally to the flooring itself, which can be 
moulded at the same time as the. beam, and forms one body with it; but which must be 
considered as a very wide and shallow beam. Here, again, you find all the elements described 
in the beam. I mean the straight bar, the bent bar, the stirrups, which, although disposed 
differently, play exactly the same rd/e as they do in the beam proper. 

In ordinary constructions the floor rests on the beam, it weighs on it, it tends to weaken 
it. In the Hennebique system it is just the reverse that takes place. The floor and the 
beam cannot be separated ; it is their combination which forms the Hennebique beam—that 
beam which has become classical in ferro-concrete construction ; and in a floor constructed 
on that system the beam is constituted, as in fig. 4, by the soffit of the beam, and that part of 
the floor included half-way between two consecutive softits. 

I now pass to the pillars. Generally a pillar is subjected solely to compressive strains. 


Consequently both concrete and steel are suitable for its construction [see fig. 2). Therefore 
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steel bars in suitable number and of suitable section are embedded in concrete; both materials 
work together in compression, each taking a part of the load to be supported. But a pillar so 
constructed would be unsafe beyond a certain limit, and would offer a low co-efficient of safety. 
High as is the co-efticient of compression in concrete, it has been remarked that, when 
concrete pillars are tested to destruction, the rupture occurs really owing to the low resistance 
of concrete to tensile stresses. The first signs of disorganisation are vertical cracks on the 
faces of the pillar. It seems as if the central part of the body tried to expand laterally under 
compression, the result being a considerable radial thrust outwards, and ultimately a consider- 
able tensile stress in the periphery of the body. As should be expected, the concrete is 
unable to stand that tensile strain, and when the pressure becomes increased, the outer part 
gives way and the pillar bursts out. To obviate what precedes we have adopted distant pieces 
or links, which are shown on fig. 2. They form a sort of belt round the pillar. They not 
only hold together the upright bars in the pillar, and prevent them from buckling, but they 
also form round the core of concrete, between the main bars, a sort of belt which compresses it, 
and moreover gives to that volume of concrete, delimited by the internal prism just described, 
and the outer surface of the pillar, the fibre which will strengthen it and communicate to it 
the necessary tensile properties. The load which can be supported by ferro-concrete pillars 
belted in that manner is considerable, and equal to several times that which a pillar of 
identical dimensions, made of concrete pure and simple, could carry. 

The section of these links, their number and their position, are all determined by the 
requirements of each case. By multiplying the links it is easy to understand that we increase, 
proportionately to their number, the resistance of the bars to buckling, and that they may be 
placed so close to each other that a very high co-efticient of safety may be obtained. But we 
have to bear in mind the practical and commercial as well as the technical part of the work, 
and we should consider it unreasonable to aim at a resistance beyond what, in our opinion, each 
case requires by multiplying the use of these links ad infinitum. 

[ think that this is all that need be said on the general principles of Hennebique ferro- 
concrete construction. You see how easy is the arrangement, how simple is the construction ; 
in fact, it is to that great simplicity, to the common sense which has presided at its concep- 
tion, that it owes its success. 

[ have followed with natural interest the innumerable systems of reinforced concrete 
which have sprung up during the last few years; none of these systems can compare with the 
Hennebique system in that simplicity which enables one to take any labourer of ordinary 
intelligence and to make of him an apt workman in a very few days—I was going to 
say hours. So when you read that one of the drawbacks of ferro concrete lies in the 
necessity of skilled labour, please do not believe a word of it. So far as the Hennebique 
system of construction is concerned, it is not so; and surely I can speak with authority on 
the subject, since I had to form, myself, my own gangs of men when I introduced reinforced 
concrete in this country. It took me very little time to drill them in the practice of arranging 
the various parts of a work which is strength and simplicity combined. 

Now I will add a few words respecting the theory of that system of construction. From 
the first it was evident that the ordinary laws, formule, and methods of calculation used for 
ordinary materials could not be applied in structures composed of such heterogeneous 
substances as concrete and steel. However, numerous attempts were made to use ordinary 
methods in making due allowance for the difference between the coefficients of elasticity 
of the two materials. Up to now these attempts seem to have been abortive. Their authors 
have consoled themselves by declaring our formule empirical. This we stoutly deny, because 
we did not start our work on formule, With us practice preceded by a good many years the 
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theory—it was only after patient observation of the results obtained that we deduced the 
formule which are the basis of all our work; and what I have just said of the Hennebique 
construction itself can be applied to these formule. They are so simple that I believe their 
very simplicity is at the root of the criticism to which they have been subjected. 

We must make up our mind that ferro-concrete is in itself an absolutely new material, 
which has come in its time to enrich the engineering world. The eminent engineer, Mr. 
‘abut, head of the engineering department of the Western Railway Company of France, after 
a long study, both theoretical and practical, of ferro-concrete, stated that: ‘ Ferro-concrete 
was an entirely new material. That it cannot be treated as a combination of steel and concrete 
in which the properties of the component elements could be considered and treated separately, 
as if each of them were disconnected from the other. On the contrary, ferro-concrete must be 
considered as ferro-concrete; that is to say, as a kind of material as distinct from steel as 
it is from concrete—a new material, which has its own laws of deformation.” After years of 
constant practice, I endorse Mr. Rabut’s statement without reserve. 

The laws of deformation of ferro-concrete are indeed most surprising. For instance, take 
the following experiment. A rectangular bar of concrete when subjected to tension showed an 
elongation at rupture of, say, one-tenth of an inch; another bar, but this time of ferro- 
concrete, of absolutely the same external dimensions, and made of the same concrete, showed 
at rupture an elongation of an inch; that is to say, ten times greater, before showing any 
crack or trace of disintegration, than in the first case. The reason for this striking difference 
has not yet received a satisfactory explanation ; but does it not confirm that definition of 
ferro-concrete given by Mr. Rabut? That elasticity of the new material is a property well 
known to all those who handle the subject. It varies in notable proportions with the 
distribution of the steel in the mass of concrete, but we never venture to take the elasticity of 
concrete into account with our calculations. 

Ferro-concrete possesses other exceedingly curious and interesting properties, which I will 
not attempt to describe to-night. However, it is only by patient observation of these properties 
that a really sound theory of ferro-concrete can be built up, and I will abstain from comment 
on the various theories which have been propounded of late, beyond saying that in some cases 
their authors seem to me to have been in too great a haste to arrive at conclusions. Their 
aim appears to have been to force somehow ferro-concrete to dovetail between the lines of their 
formule, forgetting that it is the formule which must bend themselves to the dictation of 
materials; and in the same manner that present formule of resistance are the result of 
experience, so future formule must also be the result of experience. It is unwise to attach an 
absolute value to things the value of which is only a relative one. 

The so-called Hennebique’s empirical methods can be relied upon, meantime, with absolute 
confidence ; because they have been the basis upon which over 12,000 different works have 
been constructed, which, in almost every case, have been subjected to severe tests, and the 
results of these tests have been carefully recorded. I venture to say that formule based on 
such a broad basis of practice may be reasonably considered as soundly established. And if, 
for the sake of argument, I admitted momentarily that our critics are right; that we have 
constructed thousands upon thousands of works, with a generous coefficient of safety in every 
case, by the use of empirical formule: my answer to them is: Let us adhere to the formule, 
empirical or otherwise, which give us such satisfactory results. Because, after all, what do we 
all of us seek in a construction if not a good result ? Moreover, we decline to allow ourselves 
to be made the slaves even either of our methods or of our formule. Whenever a special 
and unforeseen case occurs—and this happens frequently—we meet that case by the means 
that our past experience has taught us to be the right and safe means. 
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When I spoke of “ patient observations” it should be understood that I do not allude 
to those made by experimentalists in their laboratories. I have always present in mind that 
they deal with samples or test pieces of small dimensions, made under circumstances which 
cannot be realised in practice ; and when I read of experiments made in various parts of the 
world which give astonishingly divergent results, I always wonder what was the age of 
the samples experimented upon, and the quality and composition of the materials used by the 
experimentalist ; because the age of a piece of concrete is a most important element. It is well 
known that good concrete goes on increasing in quality year after year, and, if you wish to establish 
reliable laws, please do not test to destruction samples a few weeks, or even a few months, old. 
If you do you will arrive at the wrong conclusions. And you may accept my assurance that 
no two results will ever be alike, even on two samples of the same age, unless they are 
composed exactly of the same materials, mixed in identical proportions and by the same 
operator. Besides, bear in mind that the adherence of concrete to steel increases also with the 
age of the work. Also that, unlike construction in ordinary materials which, if left to itself, 
will deteriorate, the ferro-concrete construction will go on improving endlessly in quality with 
age. The ‘patient observations” to which I have just referred must be made on the 
structures themselves, and this is one of the reasons why, for a long time to come, all ferro- 
concrete structures should be tested after completion. 

In owr practice we always test our structures, within a very few weeks after completion, 
with loads 50 per cent. in excess of the calculated load ; we measure the deflection which, in 
the case of floors, rarely exceeds ,,';, part of the span under test, although we always 
guaranteed it will not exceed ;|; part ; and we expect when the load has been removed that 
the floor, owing to the elasticity of ferro-concrete, will regain its former level, or, at any rate, 
that the deflection, if any, will be quite inappreciable 

And how could it be otherwise, when we consider that any stress applied to any part of a 
well-made ferro-concrete floor affects not merely the part under load, but also a very large 
area of the floor surrounding the part under observation ? This is due to the absolute mono- 
lithism of the work. There is a test I would urge your Institute to promote. Besides the 
static tests there should be severe dynamic tests, without which the trials of a structure in 
which concrete and steel are combined are, to my mind, absolutely incomplete. 

It has been observed that the great security offered by ferro-concrete construction arises 
from the fact that it never collapses suddenly, but always gives, long beforehand, warnings 
that are unmistakable. Naturally I assume that the work has been well calculated, well 
executed, and that the collapse is brought about through the imprudence of its owners, that is 
to say, by loads far in excess of the calculated load, by what could be called a destructive load. 
I wish to tell you on what I base my opinion. 

‘rom time to time I have made various tests to destruction, and I will describe one of 
them. In the autumn of 1902, we were making foundations at Bermondsey. Some space 
being available on the property, at the suggestion of the architect, Mr. T. W. Walker, of 
Finsbury Square, E.C., and of the engineer in charge of the work, Mr. R. J. Gifford Read, 
of Westminster, we constructed a Hennebique beam on two common concrete supports [fig. 5, 
p. 47]. It was calculated in the same manner as we should have calculated the floor of which it 
was supposed to be a part—for a working distributed superload of 3 ewt. per square foot. Seven 
weeks after, on the 25th November 1902, we proceeded toa test to destruction. We rapidly put 
on that beam boxes filled with sheet steel, each weighing 2 ewt. until we had on it 12 tons, which 
represented twice the calculated load. At that moment the concrete pillars began to sink in 
the ground. The load was left on all night. On the following morning it was found that the 
pillars had sunk a little deeper. The loading operation was then resumed, after having taken 
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precautions to avoid injury to the labourers 
engaged in the operation, and the weight 
having been increased to 30 tons, or five times 
the caleulated load, the operation had to be 
stopped, the pillars being crushed, and having 
taken a slanting position, which caused the 
heam to twist badly. It was then discharged. 
The deflection was measured at that point, and 
on the morrow it was found that the floor had 
sprung back by one inch. The photograph 
which I produce [fig. 5] shows the damage to 
that beam, which we could have continued 
loading for a long time before arriving at com- 
plete destruction, had not the supports given 
way. The beam cracked, but was by no means 
ruined ; it suffered far more from the twisting 
resulting from the failure of the pillars than 
from the load put on it. 

It is very easy to understand, from the 
very nature of the Hennebique ferro-concrete 
beam, that a trial of that sort cannot do justice 
to it. To give it a fair chance several con- 
secutive beams should have been constructed, 
and the central one tested to destruction. 
However, vou know that a timber beam or a 
steel beam would not have behaved in the 
manner just described. 

But our buildings have, in actual practice, 
been subjected to very unforeseen tests; for 
instance 1 give you the following example. 
Several years ago we constructed at a colliery 
at Lens, in the north of France, coal silos about 
40 feet high, and containing 1,200 tons of coal. 
These silos, as you see |fig. 6], are supported 
on 10 pillars. One day, when they were quite 
full to the brim, a train of coal trolleys came 
into contact with one of the legs and broke it. 
As you see [fig. 7], it threw that corner of the 
silo structure suddenly in dantilever—an event 
which certainly had not been foreseen by the 
calculator ; but owing to the monolithism of the 
whole building, no injury resulted to the silos 
themselves, nor to the other 3 pillars of that 
particular silo. We merely had to reconstruct 
the broken pillar. 

I may mention, too, a car-shed constructed 
by us at Le Mans, in France. The building is 
divided in two spans of 21 feet by a central 
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line of ferro-concrete pillars. On 20th July 1901, one of the trams, having got out of control, 
came down the gradient leading to the shed (there is a sharp curve at that point), ran off the 
metals and came in contact with the central pillar at the entrance of the shed and broke it. 
Through that accident the span instantly became 42 feet instead of 21 feet, but, notwith- 
standing this, the beams supported by that pillar held perfectly, and did not show the least 
trace of strain; another proof of the safety due to the monolithism of the ferro-concrete 
structures. I think that you will agree with me that such practical tests are worth all the 
laboratory tests imaginable. The most interesting tests which I believe were ever made took 
place after the close of the last Paris Exhibition. The Hennebique system had been exten- 
sively applied in the construction of the buildings. Some of these have been preserved, such 
as the Palais des Beaux Arts. The others had to be removed. We availed ourselves of 
that unique chance to make systematically tests to destruction, the results of which I hope to 
have the opportunity at a future date of publishing. They were marvellous. 

Piles.—One of the finest, most startling, and most useful applications of ferro-concrete is 
the construction of ferro-concrete piles. Had I not feared to trespass too much on your time, 
there is much that I would have liked to tell you on the subject. I will show you now illus- 
trations* which I hope will, in a great measure, compensate for the brevity of my remarks. 

We construct the piles very much on the same lines as a pillar. We calculate them as 
beams, since they will have to be lifted from the ground and made to take all sorts of positions 
while suspended from slings before being driven. This photograph,* taken at Dundee, shows 
how they are driven by steam in the foundation of a building designed by your colleagues, 
Messrs. Niven & Wigglesworth, of High Holborn. We always endeavour to drive them with a 
heavy monkey. We give them a very severe set. It rarely is more than 1 inch for the last 
combined 10 blows of the monkey. The drop is naturally regulated by the top weight which the 
piles are expected to carry. The size of the bars, the position of the links, are all regulated by 
the same considerations. Their cost is very little more than that of a timber pile, and they 
can take safely a weight so far in excess of what the latter can take (according to the ground 
in which they are driven—14 in. by 14 in. piles can safely take a load of about 60 to 80 tons, 
and more if we increase their section) that, on the total cost of a foundation, they effect a 
very appreciable economy. At the present moment we are constructing a foundation in which 
their use saves us over 12,000/. as compared with the original estimate for timber piles. And 
the punishment which they will undergo with impunity is extraordinary. 

We have, in the course of our practice, which is considerable, broken a few of these piles 
when they were driven unreasonably by people who forget that there are limits even to the 
elasticity of a ferro-concrete body. 

Recently, unaware to us, one of these piles was driven for three whole days with a 30 
ewt. monkey, and received no fewer than 10,972 blows without breaking. I protested, but too 
late. However, the success of these piles is due to careful calculation, careful manufacture, 
rational consideration of what can be expected from the constituent parts of these piles, and to 
the judicious distribution of the steel in the body—beeause judicious distribution of steel in 
ferro-concrete is at the root of suecess, whether it is in a beam, in a pillar, or in a floor ; 
hut, above all, in a pile. When you see the steel concentrated in a mass, and forming a nucleus 
in the concrete, you may conclude without further investigation that the designer has ignored 
the most elementary rules of what is called reinforced concrete or ferro-concrete. 

[ have just shown you that the vibrations caused by a heavy monkey on a ferro-concrete 
pile do not affect it in the least, Frequently, when they have reached their set after prolonged 
and hard driving, we have to cut the concrete round the heads, that is to say, in the part 





* These were lantern slides shown at the meeting.—Ep. 














MONOLITHIC CONSTRUCTIONS IN HENNEBIQUE’S FERRO-CONCRETE De 


which has been in the most direct contact with the monkey, in order to pass through the bars of 
the pile those of the beams which they will have to support ; and when the pile has been well 
made, and the concrete is well set, we found it quite uninjured and perfectly sound and hard. 

It is an every-day occurrence for us to attach shafting direct to our pillars, by means 
of which the pillars are subjected to powerful lateral pulls. We also fix direct on our 
floors heavy machinery, such as disintegrators grinding heavy materials, dynamos, dynamo- 
motors, and, after years of that treatment, we have proved that the quality of the concrete has 
not suffered in the least. In fact, owing to the absolute monolithism of our constructions, they 
are far less liable to vibrations than ordinary constructions. | show you two striking examples 
which illustrate the subject. One [fig. 8, p. 56] represents the vibrations on two floors 
calculated for the same superload and having the same span. One is built in steel beams 
und jack-arches. The other is ferro-concrete. The weight dropped on the first is 112 lbs. 
and the drop itself is 6 feet 6 inches, producing vibrations ,°, ths of an inch. Both weights and 
heights of drops are doubled in the case of the ferro-concrete floor. Still, you see how 
minute are the vibrations in the latter, as compared with the vibrations of the former. 

The second example [fig. 9] refers to bridges ; one built in steel, and the other in ferro- 
concrete. The vibrations were obtained by passing at a trot 16 men on the steel bridge, and 
250 men on the ferro-concrete bridge, and in this case, again, you see how favourably the 
performance of the ferro-concrete compares with that of the steel one. This is easy to under- 
stand. We have no rivets, we have no joints, we enjoy all the advantages due to perfect 
monolithism. And I may say that one of the things which strike you most when you enter a 
factory constructed entirely of ferro-concrete, where heavy machinery is at work, is the 
wbsence of vibrations and of noise. 

Another objection relates to the question of the preservation of steel embedded in concrete. 
Really this question should no longer be raised when so many indisputable proofs have been 
given that the very best material to protect steel is concrete itself. Among the first known 
upplications of reinforced concrete, are those made over 40 years ago, in the shape of sewage 
pipes, by imbedding a web of iron in a thin body of concrete. ‘These pipes have been renewed 
from time to time, after being buried for very long periods, and having contained liquids which 
were far more likely to affect the material than would be the case with pure water. The metal 
Was invariably found in good condition. 

On this subject I can give you my personal experience. About six years ago, 1 was 
building a jetty at Woolston, near Southampton. Some of my ferro-concrete piles were too 
long, and the heads were sawn off—they were of no value, and were thrown into the river. 
Years after, that question of preservation of steel by concrete having been raised in some 
quarters, | had the idea of making a search for some of these pieces, and to have them grabbed 
vut of the river bed. They were demolished and the steel was found as when it left the mill. 
I dare say that there are some of these pieces still on the same spot, and anyone is welcome to 
repeat that experiment on them. 

Constant practice shows us that oxide of iron cannot exist in contact with concrete, that 
rusted bars embedded in concrete will in the course of a month or so be as bright as new ; 
the rust having been deoxidized with formation of a ferrite of calcium, which forms a protective 


skin round the bars. 

It musi also be borne in mind that the concrete used in ferro-concrete is markedly different 
from ordinary concrete, both in its composition, in its make, and in the way it is employed. It is 
composed of materials of small volume (three-quarters of aninch maximum for the gravel or stone), 
and the materials used are very clean. The proportions of sand and stone are always adjusted 
so as to give a concrete quite full—it is used in small quantities at a time, and so vigorously 
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rammed that no cavities or porosity are at all possible. I have repeatedly had pieces cut out 
of our work, weighed them, immersed them a long time in water, then weighed them again. 
The absorption was practically nil. We have made numerous water-towers ; the thickness of 
the walls of the reservoirs rarely exceeds 5 inches, they are perfectly water-tight, and this 
without the help of any lining, such, for instance, as asphalt. I may add that our specification 
for cement is a fairly severe one. 

The adherence of concrete to steel has been questioned sometimes, but the coefticient of 
adherence has been repeatedly determined. It is approximately 570 Ibs. per square inch of 
metal in contact with the concrete. The value is such that it justifies the practice of some 
ferro-concrete builders who only reckon on concrete to make the junction between the different 
metallic parts of a structure. 

As regards expansion of concrete and steel, their coefticients have been demonstrated to 
be identical up to the fifth decimal ; so in practice they may be considered as equal. And this 
leads me to say just a few words respecting the fire-resisting properties of Hennebique 
ferro-concrete. 

Many experiments have been made which demonstrate its surprising resistance to high 
temperature and sudden cooling. Our buildings have had more than once to undergo the 
trial of actual contlagrations. We have seen their contents burned to a cinder, the buildings 
themselves left fairly blackened, their rendering more or less peeled off, but their resisting 
qualities were unimpaired. The floors, once cool again, were tested, and the deflections were 
then less than when they had been tested new ; which is a practical demonstration that age 
had already improved the quality of the concrete, and to an extent bears out my contention 
that not much value should be attached to tests to destruction made on young samples of 
concrete, and that it is almost folly to start building theories on the observations made on 
such samples. 

Recently there was, as you know, a great fire at Baltimore. We had some buildings 
there ; they stood the fire ordeal admirably, and now they are again in use as before the fire. 
They stood even more than that. One of them, in particular, received on its roof the top 
stories of a high sky-scraper, and that shock it resisted as well. 

Within the last few weeks they hada huge blaze at Antwerp. Some petroleum tanks took 
fire, and the inflamed oil flooded part of the wharves. The warehouses caught fire, and were 
destroyed—but not those built of ferro-concrete, which are now as good as ever. 


ORNAMENTATION, 


I have sometimes heard the reproach that our buildings are rather plain and even ugly 
ones. I will not attempt to deny that through no fault of mine our existing constructions in 
this country will not satisfy your artistic sense, being generally of the utilitarian kind, such as 
factories and warehouses. Moreover, | have constantly had to bear in mind the necessity of 
keeping the cost at a minimum, and therefore our works appeal to the observer more from their 
mass and outline than from their architectural detail. 

There is vo reason why ferro-concrete buildings should not be made as artistic as con- 
structions in ordinary materials, and when the day arrives that architects will turn their 
attention to this new material at their disposal we shall erect buildings which we may be able to 
show with some pride, because there is none that lends itself better, and more economically too, 
than ferro-concrete to any shape that you may wish to give to it. I will prove this to you by a 
few pictures of some buildings entirely built of ferro-concrete, which I believe would be an eye- 
sore to nobody in London. Fig. 14 shows a house built by M. Hennebique in Paris. It contains 
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a double basement and nine stories above 
eround—in all eleven stories. The walls 
at street level are one foot thick ; when we 
reach the fourth floor they are 7 inches 
thick ; and when we arrive at the top they 
are 4 inches thick. Be sure that those 
who administer the Act in Paris did not 
allow such a building to be erected in the 





capital of France without having investi- 
cated the case in all its bearings. 

The main reception room in the ex- 
tension recently constructed at the French 
Embassy in London is entirely in ferro- 
concrete, except for the external walls, and 
shows admirably how easily the material 
lends itself to ornamentation. 

Fig. 11 is a view of a house at Epinal. 

Fig. 10 is a row of shops at Dussel- 
dort. 

Fig. 16 is a view of the interior of 
an assembly room at Lille. Fig. 15 shows 
the interior of a small theatre at Lille, en- 
tirely constructed in ferro-concrete. Most 
of the mouldings were roughly east in 








FIG, 14.—M. HENNEBIQUE’S HOUSE, PARIS. 











. 15,—THEATRE, LILLE 


ferro-conerete, and completed at a very small cost 
afterwards. 

I also show you an industrial building | fig. 13] 
—a grain silo house erected at Dunston-on-Tyne 
to the designs of Mr. F. E. L. Harris, of Man- 
chester. It will, I think, be admitted to be a 
handsome building of its kind. 


BY-LAWS. 

I was just mentioning the criticism to which 

our formule and methods have been subjected in 
some quarters. [I would have passed them in 
silence because their importance is only a relative 
one. But the mischief is that all this gets into 
print, that it gets translated into foreign languages. 
You know the influence that printed matter, 
hecause printed, has in some quarters. And it is 
to be feared that when fresh building by-laws 
become enacted, in which ferro-concrete must find 
a place, that printed matter may do incalculable 
mischief. Some time ago I was reading by-laws 
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framed for the benefit of American people, and others framed for Prussia, and I prayed 
that we, in this country, should be spared such by-laws, because I assure you that they contain 
clauses which are absolutely unreasonable. One can distinctly detect in them the finger of 
the professors who presided at their conception—gentlemen of merit without any doubt, but 
who evidently were not even on the fringe of the subject. I declare to you we should be better 
. without any by-laws at all than to 
find ourselves imprisoned within 
the four corners of an Act contain- 
ing such clauses. In fact, although 
the proposition may appear a bold 
one, I should ask, “Why any by- 
laws at all? Why try to fetter the 





designer of ferro-concrete build- 


| ings?” Do not hinder him in his 
| ; work, but submit that work once 


completed to reasonable tests. Let 
these tests be varied. As I said 
just now, let them be dynamic as 
well as static tests. Let the by- 
laws, if any, be limited to the deter- 
mination of these tests. At the 
present time London enjoys the 
unique privilege of being the only 
town in the civilised world where 
ferro-concrete constructions are 
actually prohibited. 

As you are well aware, foreign 





countries have their building regu- 
lations, so has practically every 
town in the United Kingdom, and 
generally they do not, if read 
strictly, permit of the use of ferro- 
concrete. But, notwithstanding 
this, after intelligent and impartial 
investigation by the various autho- 


























rities, we have been permitted to 
- =| construct everywhere: those who 
~ i —~| administer these regulations hay- 





' ; ing realised that it would be against 
ye their duty to the public to stand in 

: the way of progress and of scientific 
ere advancement in construction. To 
confirm this I ean show you views of buildings (very important ones indeed) constructed 
in various parts of the United Kingdom and which are entirely of ferro-conerete. In fact, to 
he quite exact, I should say that we have also such buildings in London, but only in places 
where the L.C.C. were unable to prevent us from building; I mean on ground belonging to 
railway and dock companies. Whenever we have applied to the L.C.C. for authority to 
construct similar buildings on ground under their jurisdiction we have been careful to call 
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their attention to the above facts; but it has been in vain. The few persons who form the 
Building Committee preferred to adhere to the letter and to ignore the spirit of the Act. To 
all men of sense it is clear that Parliament can only have had in view public interest. It 
cannot have meant to bar the way to progress, but merely to prevent dangerous buildings 
being erected in London; and if ever there was a case where the traditional coach-and-four 
should have been allowed to run through the lines of an Act, this is certainly the one. 

The L.C.C. Building Committee do not tell us in so many words, “ You shall not build,” 
their veto takes another shape. They say the Act stipulates that no external walls, if built in 
concrete, shall have less than a certain minimum thickness. Therefore, if you give your 
walls that external thickness go and build. To this we reply: Our walls are not concrete 
they are ferro-concrete walls, which is quite a different material; and to give them the 
thickness of a common concrete wall would be, financially speaking, an impossibility ; and, 
practically speaking, an absurdity, since our comparatively thin walls are many times stronger 
and safer than those stipulated in the Act. 

But to no avail; prejudice or red tape continues to prevail against us. However, you 
know of what considerable advantage our walls would be in places where ground is of great 
value, where space is very restricted—for instance, in the City of London; and what a 
boon it would be not to occupy any part of that ground with unnecessarily thick walls. I say 
that the present Act was framed with a view of protecting the public against the perils of 
dangerous constructions. 

In connection with this I wish you to bear in mind that, if ever there was a safe construc- 
tion, it is the ferro-concrete one ; because it will not—in fact, it cannot—lend itself to the mal- 
practices of the jerry-builder. There is no possible trickery with ferro-concrete. Let the 
contractor try to cheat, try to escape the specification, and the detection will not occur months 
or years after, but at once. There is no possible escape. He must do what is right; if not, 
the penalty follows instantly. Therefore the adoption of ferro-concrete will have another 
desirable result. It will mean death to the dishonest contractor, while the honest one will 
find the best protection against unfair competition. Gentlemen, I will clese my remarks by 
an expression of the hope that when the next London Building by-laws are framed your 
Institute will bear allthis in mind, and will not permit the new material to be longer excluded 
from this capital; also that they will watch that only reasonable rules and not mere fads, 
which would be in their effect equivalent to the present ostracism, should find place in that 
Building Act. 
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CILRONICLE. 


The Papers on Reinforced Concrete. 


The subject treated at the General Meeting last 
Monday attracted a numerous idanee of 
members and others interested, the meetine-room 
being full to overflowing. Mr. Dunn was unable 
to be present owing to a severe attack of rheuma- 
tism, and his Paper was delivered by his partner, 
Mr. Robert Watson [4.|.. The reading of the two 
Papers and explanat on of the illus tions occupl l 
the whole evening, and was n oncluded till 
quarter past ten. The Chairman de ted tha it 
was too late at that hom tart on: but 
to give members an opportunity of getting as full 
information as possible on a subject of such interest 


and importance, the Council, he said, would arrange 
for a part of the next meeting night, viz. Mond Ly, 
on of the 
Papers, which, meanwhile, would be before 
in the JOURNAL. A vote of 
of the Papers Was proposed by t 
Mr. Alex. Graham, and seconded by Mr. §. Perkins 
Pick, Vice-P re sicle nt. The li tter, 11 
alluded to Mr. Dunn’s statement that e 
the most important ingredient in the mixture of 
concrete, and observed that 
failure of concrete in a great many cases was duc 
to the bad 
Chairman expressed the hope that Mr. Dunn would 


5th December, to be devoted to a discuss 
them 
» the authors 


he Hon. Seere tary, 


condineg, 


ment Was 
in his opinion the 


ageregate of its comp sition. Che 


have recovered and be able to attend tl discussion 
on the 5th, and also that M. Mouchel would be 
present and favour the mecting with such further 


information as might be desired on the subject he 


had introduced to them. 


Bristol Police and Fire Brigade Stations Competition 


The Watch Committee of the Cor) 
1 invite competition 


City and County ot Bristol } 
plans from architects with the object of rebuilding 


tion of the 


new Police and Tire Brigade stations in Nelson 
Street, Bridewell Street, and Silver St 
The conditions contain the followine two 


clauses : 


INSTITUTE OF 





ARCHITECTS 


BRITISH (26 Nov. 1904 

“The Committee are not under any circum- 
stances to be considered bound to proceed with the 
erection of the whole or any portion of the build- 
ings referred to in the particulars in accordance 
with any of the designs submitted under these 
conditions, but are to have absolute liberty to defer 
1r abandon the proposed erection without assign- 
ing any reason, and without being liable to payment 
in any sum in respect of the designs beyond the 
premiums hereinafter mentioned. 

“ To the authors of the two designs which, in the 
} Committee, are most suitable, 
premiums of £100 and £50 respectively will be 
awarded in accordance with their order of merit. 
Should the Committee determine to proceed with 
the erection of the buildings, in accordance with 
either of the designs which obtain premiums, the 
amount of the premium obtained by the successful 
design to be merged in the amount of commission 
to be paid to the Architect at the rate of 5 per 
cent. on the cost. 

The total cost of the buildings is not to exceed 
£55,000. 

\ letter, dated 15th November, was sent from the 
Institute to the Town Clerk of Bristol urging : 

1. The appointment of a professional Assessor. 

2. A guarantee that the author of the first 
premiate design should be employed to carry out 
the work, provided there be no valid reason to the 
contrary. 

3. An increase in the premiums in view of the 
value of the buildings and the work to be done by 
competitors. 

A letter, dated 1#th November, was received from 
the Town Clerk stating that he was directed by 
the Watch Committee to inform the Institute 
that the matter had been determined by the 
Council, and that the conditions for the competition 
could not therefore be reopened. 

In view of the above facts, 
[nstitute are requested to refrain from taking any 
part in this competition. 


¢ A]. 
OPLRLON OF tile 


members of the 


Special Election to Fellowship. 


At the meeting of the Council on the 21st inst., 
the following gentleman was elected to Fellowship 
of the Institute under the proviso to By-law 9, 

Puitir C. THICKNESSE, of 14 Castle Street, 

Liverpool, President of the Liverpool Archi- 
tectural Society. 


Ownership of Drawings. 


The ownership of drawings was in question in 
the case of Gibbon v. Pease, before Mr. Justice 
Ridley in the King’s Bench Division, on the 15th 
inst. The claim was for delivery up of contract 
drawings and specifications, which the plaintiff, 
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the building owner, alleged that the defendant, his 
architect, had wrongfully detained. 
also claimed damages. 

Plaintift’s counsel, Mr. Danckwerts, K.C., said 
that the real point in the case was whether a 
person who employed an architect to make plans 
for him and supervise the bailding operations was 
entitled to have the drawings he, the employer, 
had paid for. At the date of the contract with the 
builders the drawings then in course of preparation 
by the defendant were made part of the contract. 

Defendant’s counsel, Mr. Kemp, K.C., contended 
that the drawings were prepared simply for the 
purpose of enabling the architect to see that the 
buildings were constructed in accordance with the 
approved design. If architects were bound to 
hand over these papers immediately the work was 
completed they would be in a hopeless position, 
and unable to protect themselves should they be 
attacked. Counsel offered evidence cf custom that, 
in the circumstances of the case, the drawings and 
specifications were the property of the architect. 

His Lordship declined to admit such evidence, 
holding that the case was governed by Lhdy v. 
McGowan.* The drawings belonged to the em- 
ployer, unless there was an express contract that 
they should belong to the architect. 

Stay of execution was granted to enable the 
defendant to appeal, if he thought fit ; and nominal 
damages of 1s. were given. 


The late John Norton |?’.| 


John Norton [F’.|, who died at Bournemouth on 
the 10th inst., in his eighty-second year, was a 
pupil of the late Benjamin Ferrey (ltoyal Gold 
Medallist 1870). In 1848 he received at the 
hands of Lord Brougham the first prize at the 
London University classes under Professor 
Donaldson. He was elected Associate of the 
Institute in 1850 and Fellow in 1857, and served 
for a time as member of the Council. He was 
President of the Architectural Association in 
1858-59. He was hon. secretary of the Arundel 
Society during the whole period of its existence, 
and was a member of council of the Artists’ 
General Benevolent Institution. Mr. Norton took 
a prominent part in church building and restora- 
tion, and in the developinent of ecclesiastical art 
during the middle of last century. 

Mr. Alexander Graham, F.S.A., Hon. Secretary, 
after formally announcing Mr. Norton’s death at 
the General Meeting last Monday, added :—* | 
cannot let this opportunity pass without saying a 
word in pleasant memory of our late colleague, 
John Norton, for a more amiable, kind-hearted 
man never entered this room (hear, hear). He 
enjoyed a very large practice some forty years ago, 


* Noted in Macassey and Strahan’s Law Lelating to 
Civil Engineers, Architects, and Contractors, 2nd ed., p. 49. 


The plaintiff 


and had numerous clients of great influence in 
various parts of the country, especially in the west 
of England; and in testimony of his great reputa- 
tion we propose to publish in the Journat a list of 
his principal works. It only remains for me to 
ask your assent to a letter of sympathy being for 
warded from the Institute to the relatives of our 
deceased colleague expressing our full recognition 
of his worth as a man and as a colleague, and of 
his merits as an architect.” 

The following are some of the principal works 
carried out under Mr. Norton’s direction :—Elveden 
Hall, Suffolk, for the Maharajah Dhuleep Singh ; 
Tyntesfield, Somerset, for Mr. Wm. Gibbs ; Euston 
Hall. Suffolk, for the Duke of Grafton; St. 
Audries, Somerset, for Sir A. Acland Hood; the Turf 
Club, Piccadilly ; Submarine Telegraph Company’s 
premises, ‘Throgmorton Avenue; Canada Govern- 
ment Buildings and Victoria Mansions, West- 
minster; Church Missionary Society’s Children’s 
Home, Limpsfield ; Mickleham Mansion, Surrey ; 
Badgemore, Oxford; Ferney Hall, Salop; Town 
Hall and Constitutional Club, Neath; Horstead 
Hall, Norfolk, for Sir Ek. Birkbeck ; Royal Normal 
College for the Blind, Norwood ; Nutfield, Surrey ; 
Monkhams, Essex; Fickel Castle, Esthonia, for 
the Baron d’Uxkull; Framlingham Hall, Norfolk ; 
Brent Knoll, Somerset ; Summer’s Place, Sussex ; 
Chew Magna Manor House, Somerset ; intericr of 
Blaise Castle, Gloucestershire : County Courts at 
Williton, Dunster, and Long Ashton, ‘Somerset ; 
the Hieh Cross, Bristol: Wimbledon Park. South- 
borough Park, Mandeville Place, Manchester Square. 

New Churches : Stapleton Parish Church, Glou- 
cestershire ; St. Audries, Quantoxhead, Somerset ; 
Powerscourt, Wicklow ; Chevington, near Howick ; 
Bourton, Somerset; Bedminster Parish Church and 
St. Luke’s Church, Bristol ; Stoke Bishop Church ; 
Frampton Cotterell Parish Church; Highbridge 
Church, Somerset; St. John the Evangelist, 
Middlesbro’; Pontypridd Church; St. Matthias, 
Bristol; Emmanuel, Bristol; Neath Parish Church; 
Rheola Church; Ebbw Vale Church; Blaina 
Parish Church; <Abertillery Church; Ystrad 
Mynach Church ; Penmaen Church ; Llwyn Madoc 
Church ; Croxley Green Church; Christ Church, 
Finchley ; Dyffryn Church ; Congresbury Church, 
Somerset; Cwm Church, Monmouth; St. Mat- 
thew’s, Brighton. 

In addition to the foregoing a large number cf 
churches were either restored or rebuilt by Mr. 
Norton. (4 full list of them will be found in an 
article on “Conte miporary British Architects,” 
Building News, March 6, 1891.) Mr. Norton 
also acted as Architect for the Freehold Estate of 
the Crystal Palace Company ; for the Ascot Land 
Company, the Totland Bay Estate Company, the 
Langland Bay Estate Company, the [E:mpire, St. 
James’s, and other clubs ; and was awarded first 
place in the Bombay Public Markets Competition. 











PLENUM VENTILATION AND ROYAL 
VICTORIA HOSPITAL, BELFAS'. 


In the issue of the 12th November it was stated 
that a communication from Mr. Henman with 
regard to this matter would appear in the next 
number of the Journat. The following is the 
communication that has been received, and as the 
Council think no useful purpose would be served 
by further discussion in these columns, the corre- 
spondence will now cease. At the request of the 
Council of the Institute, Messrs. Wm. Henman, 
Thos. Cooper and Henry Lea have supplied the 
following in reply to Mr. G. H. Bibby’s com 
munication published in — the 
15th Oct. : 

To make any comparisons by taking a first 
year’s working of such an institution is necessarily 
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unreliable: but the new building was designed and 
erected as a whole -for 400 patients and staff. 
Until its completion no one ever suggested eve 
the possibility that all the main wards might not 
be utilised, although it was understood that some 
beds would not be occuple d. 

As the heating, ventilating, hot-water supply 


} 


and other requirements were designed on this 
assumption, and have been kept going ever since, 
just as though the whole 400 persons were in 
residence, it is evident that to practically ascertain 
the cost of fuel, relatively to the work it has to 
perform, the total capacity of the building treated 
must be taken into consideration and not a less 
area or number of occupants: just in the same 
way as the cost of heating a church is based on its 
full seating capacity and not on limited congrega- 
tions. Hence our published statement of 44 tons 


of coal per inmate provided for per annum is 
slightly over the mark, taking the annual con 
sumption at 1,742 tons. That amount divided by 


100 inmates equals little more than 4} tons instead 
of from 6 to 9 tons named by \Iv. Bibby. 

The coal consumption at the new building was 
however maintained for xine months prior to the 
occupation of the building, and during that period 
the quality, delivery, and use of coal, were, to our 
knowledge, very irregular, wasteful, and under no 
adequate check. Consequently, the only record is 
the amount for which the authorities have been 
called upon to pay, viz. 1,742 tons for the twelve 
months, which for the purpose of calculation we 
have made use of. 

Another error into which Mr. Bibby has fallen, 
in paragraph No. 1, as given in the Journan for 
October 15, is that he has taken the whole con- 
sumption of coal at the new building—viz. 716} 
tons—as consumed during the three months period 
of occupation. Whereas for nine months pre 
viously much of that coal was liberally used for 
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testing machinery, and for diying, heating, and 
ventilating the building 

Mr. Bibby points out a discrepancy in figures 
between the tabulated statement and the general 
report. This, however, is only an apparent dis- 
crepancy and is explained in the first paragraph, 
page 17, which shows that, in the tabulated state- 
ment, only patients admitted during the year are 
included. Whereas in the general report those 
remaining in from the previous year are added. 

After Mr. Bibby’s assumption that the figures 
in the tabulated statement are incorrect, and those 
in the general report are correct, it is strange that 
he should argue from them in a way that tells 
against the institution. 

In other words he adopts the figures of the 
general report as “correct”? for 1902, but avoids 
all allusion to those therein given for 19038.  <Al- 
though on the same line of the same page (14) 
the figures for 1903 appear as 2,458, while in the 
tabulated statement they are given as 2,298, 

An impartial comparison of both years on the 
sume basis would stand thus : 


Ca reat Total cos Average cost 

per case, 

ft # dd. c @ & 

For year 1902. 2.160 9.381 11 4 i 610 
1903. 2,458 14.509 15 9 15 6 


still leaving a balance in favour of 1903, and not 
the other way, as his statement would lead anyone 
to suppose. 

Mr. Bibby makes out that the cost per bed was 
creater in 1903 than in the previous year, and 
iinplies that the ventilation is responsible ; to some 
extent it may be, but not in the direction he would 
make it appear, because the greater the expen- 
diture per hospital bed, the greater the number of 
patie nts treated per bed. 

The comparatively lower cost per patient and 
the additional numbers treated are given in the 
report for the twelve months, but both these ad- 
vantages result from the occupation of the new 
building for only three months. Yet additional 
and unusual expenditure for fuel employed before 
the new buildings were occupied is included as 
though it were part of the usual annual cost. 

The broad facts remain that the hospital is more 
than fulfilling the expectations of all concerned, 
and although not much more than two-thirds fully 
occupied, both patients and staff are better pro- 
vided for and pass their time in the new building 
with greater comfort than in the old, at no greater 
cost. 

Wa. Henman & TuHos. Coorrr, Architects. 
Henry Lea & Son, Engineers. 
22nd November 1904. 
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ALLIED SOCIETIES. 


LEEDS AND YORKSHIRE ARCHI- 
TECTURAL SOCIETY. 


The President’s Address. 


At the opening meeting of the Session on 
17th November, the following address was read 
before the Society at the Queen’s Hotel, Leeds, by 
Mr. G. Bertram Bulmer | /’.|, President : 

Fellow Members, Ladies and Gentlemen,—A bout 
ten years ago I enjoyed the honour of occupying 
your Presidential Chair. You have thought fit to 
elect me again to that honourable position, and | 
desire to offer my thanks and to assure you that | 
will not be sparing of time or effort to promote 
your interests. In accepting the position as your 
President, I must remind you that I have a diffi- 
cult task to perform in following our late President, 
Mr. Butler Wilson, who has laboured so zealously 
to promote our interests at all times. At this very 
critical period, when events of the greatest import- 
ance have to be considered, it is the special duty 
of the leaders of our provincial societies to be pre- 
pared for any sacrifice which circumstances may 
impose, and remember that their strength or 
weakness can largely determine the current of 
events in our professional existence. 

The duties of this office increase year by year in 
amount and importance, and I am sure that our 
Council and Officers will give me every possible 
support, so that I may be able to conduct your 
business here and in London with firmness, and 
yet with due consideration for the susceptibilities 
of all contending parties. 

The alliance between our Society and the Leeds 
Institute and School of Art to promote facilities 
for the study of architecture, building construe- 
tion, materials, and such scientific subjects as are 
essential in the education of an architect, necessi- 
tates attendance at the meetings of the managers 
of that Institution. Attendance at the fortnightly 
sittings in London of the Council of the Royal 
Institute of British Architects, and the meetings of 
their sub-committee to formulate a scheme for the 
compulsory education, examination, and statutory 
qualification of architects is another important 
portion of our duties. Then there is the multi- 
farious work of our own Society, with its Council 
meetings, Committee meetings, management of 
Library and Architectural School, and the series of 
Lectures during the session. 

In connection with this, I congratulate our 
Hon. Secretary, Mr. Oglesby, in securing the able 
services of Miss Ethel Charles, A.R.I.B.A., the 
first lady who has ever taken that degree, and who 
will lecture to us on “Modern Architecture in 
London.” We had, however, the pleasure of 
listening to a lady lecturer in 1889, when Miss A. 
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Garrett, of London, discoursed on “ Interior Decora- 
tion and Furniture,’ and quite recently I heard of 
an able lady lecturer giving instruction on “ Sani- 
tation in the House.”” I must confess that | 
welcome the intelligent interest of our wives and 
daughters in architecture and its allied arts. They 
can do much to graft in the rising generation an 
appreciation of the beautiful and the true in the 
design and arrangement of our homes. If our 
children be surrounded in nursery days with beau- 
tiful colour and simple form, they will, when 
grown up, rebel against the dirty tints and erratic 
forms which were prevalent during the Victorian 
era. There are also, I think, many collateral 
branches of our art in which I feel confident the 
natural ingenuity and taste of our lady relatives 
would find a congenial outlet. 

And now let us turn our attention to matters of 
local interest, in so far as the architect is concerned. 
This year (1904) numerous buildings of importance 
have been completed in the city, due to the enter- 
prise of our citizens and municipal and other 
authorities. It is to be hoped that the energy and 
skill which have distinguished the last decade may 
be displayed in the coming one. There can be 
little doubt that the city has, in its practical and 
artistic requirements, advanced by leaps and bounds, 
after waking from a period of lethargy which 
threatened to envelop it for ever. In making a 
survey of the buildings of the year, I do not pro- 
pose to adopt any particular order, but the first 
which occurs to my mind is the new Roman 
Catholic Cathedral. The builders of this church 
are to be congratulated on the result of their 
labours. Their architect (Mr. Eastwood) has made 
the most of a restricted site, as regards the plan, 
and externally has succeeded in giving a cathedral 
character to his design in spite of its limited 
dimensions. Although it is thoroughly Gothic in 
conception, it is full of original thought in detail, 
and this is the treatment I should like to see adopted 
in the new Liverpool Cathedral, rather than a 
merely scholastic repeat of old mediwval work. At 
Armley, Mr. Henry Walker has been enabled to 
complete his che/-d’wuvre, the foundation stone of 
which was laid in 1872, by adding a tower and 
spire. Considering the excellent quality of this 
work, it seems strange we have not heard of a 
longer list of churches by this architect, who is, I 
believe, a native of Leeds. At Holbeck, Mr. Bod- 
ley, R.A., is responsible for a new church of brick 
and stone dressings, with lofty aisles, and withcut 
a clerestory, on similar lines to his church at 
Chapeltown. I must confess that I think a little 
more originality in detail desirable, although fully 
prepared to admit and admire the scholarly 
character of Mr. Bodley’s designs. Of other 
churches I know not, except a contemplated one, 
of which I have seen the design (by a London 
architect). It is for a very poor district, and its 
leading feature is an enormous tower—a feature 
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which is not an absolute necessity—and the con 
templated provision of such a luxury is likely to 
cripple the funds for the necessary portions of the 
scheme. 

At the Leeds Grammar School extensive altera- 
tions and additions are in progress, which will 
doubtless add much to the efficiency of the school. 
The design is by Messrs. Paley & Austin, of Lan- 
caster, who won it in limited competition, to 
which, I regret to say, only one Leeds architect 
was invited. I should like to have seen the same 
spirit displayed as, recently, at ton, where the 
authorities promoted a competition amongst archi- 
tects who were old students at the College. 

Another very important work opened during the 
past year is the Kirkgate Market, and I had, on 
your behalf, the pleasure of congratulating Messrs. 
Leeming & Leeming on its successful completion ; 
at the same time, as a practical architect, 1 cannot 


but consider that the promoters might have paid 
a large fee to a consulting architect, and been 
much “in pocket’? by the transaction. If the 
oft-repeated details which are carved in stone had 
been reproduced in terra-cotta, a great saving would 
have been made, whilst retaining the general 


richness of effect. A judicious use of the pruning 
knife amongst the lead ornamented mansards, 
turrets, pinnacles, domes, &c., forming the roof 
covering, would have had a similar result. The 
money so saved could have been expended with 
more telling effect in the centre of the city. 

The Dispensary, in North Street, by Messrs. 
Bedford & Kitson, is another addition to our public 
buildings. This is the third building occupied 
as a Dispensary within my memory, and one is 
fain to inquire how soon we may want another 
when we reflect on the rapid increase of the popu- 
lation. There are numerous other buildings, 
doubtless, worthy of mention—public hospitals, 
baths, libraries, warehouses, &c.—all of which 
indicate the enormous growth, municipal and 
private, of this great city, which I have not space 
to review. 

I must not, however, forget to mention, as a 
sien of the improved art feeling amongst us, the 
Iixhibition of Arts and Crafts promoted by our 
City Council; the Exhibitions held annually by 
the Yorkshire Society of Artists, and an Exhibi- 
tion of Architects’ Designs for Houses, held by 
the Leeds Arts Club new society of catholic 
spirit, and likely to bea power for good amongst us. 

The contemplation of these buildings recently 
completed naturally leads our minds to thoughts of 
those which are to come. We may yet want a 
new art gallery, natural history museums, and 
possibly a block of law courts, to relieve the con- 
gestion of our present buildings; and in this con- 
nection I plead for a due consideration of their 
positions, so that each may reinforce the others. 
It is much to be desired that these matters—the 
laying out of sites for new buildings and streets 
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should be carefully thought out by a strong com- 
mittee assisted by a competent architect, and not 
be left to the advice of a surveyor, whose training 
is directed to the questions of sewers and levels, 
rather than the ultimate architectural effect to be 
arrived at. The munificence and energy of Colonel 
Harding have settled the City Square problem, and 
other problems remain for solution. The Town 
Hall Square is a monument of previous incom- 
petence, and must be taken in hand, unless we 
wish our grand Town Hall to remain standing in 
a howling wilderness. Can we hope that yet 
another wealthy citizen may be found to earn the 
eratitude of his fellows, and leave his ‘“ footprints 
in the sands of time,’’ by following the example 
set in the City Square ? 

There are three more areas in the city which 
will have to be dealt with—that formed by the 
widening of the road at the bottom of Cookridge 
Street being the most important. It seems to me 
that here is an opportunity for the skill of the 
surveyor in providing convenient lines and levels 
for our tramways, and for the architect in devising 
a building scheme which will be an ornament to 
the city. With the Roman Catholic Cathedral on 
the north side as the key-note, this should not be 
an impossibility. An open space, having the 
cathedral on the north, imposing buildings of good 
architectural character on the east and west, and 
on the south a well-devised junction to Park Row 
—the centre marked by a feature, however inex- 
pensive, of real artistic merit. As Artemus Ward 
said, “Now is the present time.” Unless this 
question is tackled in a thorough manner, the 
usual fiasco will ensue. Another area to be dealt 
with is that in front of the Yorkshire Penny Bank. 
As the triangular block which stands there has to 
be cut away, almost entirely, for the widening of 
the street, here is another opportunity for creating 
a breathing space, and one of those points which 
are so valuable in punctuating a long line or the 
junction of several streets. The third area I refer 
to is that unoccupied site in the City Square, the 
frontage line of which has already been defined in 
accordance with suggestions emanating from this 
Society. I trust our City Council has sufficient 
power or influence to see that any building erected 
thereon may be in architectural harmony with the 
Post Office and the Standard Insurance Buildings. 
If the railway companies will do their part at the 
station entrances we shall then have a city centre 
not unworthy of us. 

I now propose, gentlemen, to say something on 
a question which is, or should be, engrossing the 
attention of every architect in the country. Need 
[ say I refer to the statutory qualification of 
architects. “To be or not to be, that is the ques- 
tion.”” And first let me point out that the effects 
of such a step will be felt only by our younger 
men, and that the battle we fight is for their 
benefit and theirs alone. If they desire “ statutory 
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ualification,” and all it means, they must see to it 
hat the advocates of this cause are supported 
ctliciently at the elections by the Councils of the 
arious Architectural Societies, which have been 
rmed for the advancement of our calling. By 
etting more representatives on the Council of the 
.1.B.A.; by providing funds for their representa- 
ves to attend the principal meetings, or obtaining 
:ueasure to enable us to vote by proxy. So im- 
jortant are these questions that I feel a meeting of 
ihe provincial presidents from time to time is 
nost desirable, to watch the course of events and 
rrange for contingencies. In this, as in all other 
controversies, there are men who will not join 
cither side, and stand idly by to await the issue of 
events. Let me appeal to such to give their con- 
sideration to the matter, and be prepared to give 
their vote for or against this vital question—vital 
because its determination will decide whether we 
shall for long years in the future, as in the past, 
contend unavailingly against a sea of troubles. I 
can well understand that some of those eminent 
architects who do not favour this movement are 
not able to see eye to eye with us. They are like 
the illuminated capitals at the head of a paragraph. 
‘hey adorn and beautify it—we are the black type 
which expresses its meaning and substance—the 
pith and marrow of it. From the high position 
in which their exceptional abilities have placed 
them they are unable to perceive the needs of the 
veneral body of architects throughout the country, 
and that their special pleaders have been unable 
to change the views of this Society and others 
is patent, as we have returned a majority on the 
Institute Council. But we must not forget that 
the final decision will rest not with the Council, 
but with a general meeting of the Institute, which 
will be called to ratify the deliberations and recom- 
mendations of that Committee on which I have 
the honour to sit, and which is engaged in forming 
a workable scheme of education and examination, 
with a view to obtain protection, for those who have 
spent time and money in educating themselves, 
from the encroachments of that curious medley of 
persons who to-day can call themselves architects. 
When that general meeting to which I have 
referred is called we shall have to be there, and by 
weight of numbers carry the day, or the work of 
many weary years will have been in vain. 
Through the mouthpiece of our opponents we 








are told that the standard of education will be 
lowered if we gain theday. I unhesitatingly affirm 
the contrary. Time was when we had no system 
of education. Examinations were established ; 
students willingly flocked to them. How much 
more will they do so when the strong arm of 
Parliament protects them? The competition of 


numbers will cause the educational test to be 
gradually raised, resulting in the weeding out of 
the incapable to the great advantage of ourselves 
and the public. 


Our opponents desire to cultivate 
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architecture as an Art only, enjoying the same 
freedom as the painter and the sculptor; but do 
we not know that architecture is a constructional 
art? We must first learn to construct our buildings 
soundly and consistently on scientific principles 
which can be taught, before we can bring to bear 
the God-given gift of artistic ability; and I venture 
humbly to say that some of our leading architects 
would have been better architects had they been 
more fully acquainted with scientific building. 
And we should not have had so much of our 
legitimate work falling into the hands of the 
decorator and furnisher, the engineer, the auctioneer, 
the builder and contractor, because we have failed 
to qualify ourselves efficiently. 

‘'he remedy for the present state of things, I 
think, is for our various provincial societies to 
combine and loyally support the Council of the 
Royal Institute of British Architects in forming a 
policy for the benefit of the whole body, both in 
and out of London. 

[ trust the day is not far distant when we may 
see our profession represented by a President 
elected from the provinces as an outward and 
visible sign of the good-will and appreciation of 
our London brethren. It has been suggested that 
minor lights should be hidden under a bushel, and 
that the rashness of youth should be curbed by 
the intelligence accruing to old age. Alas! how 
often we find old age without discovering intelli- 
gence. ‘The present movement is a very real one, 
called forth by the exigency of the times, and | 
trust the provincial societies will not be too much 
occupied with matters local and personal, but take 
a deep interest in matters concerning the body 
politic. The old idea of provincialism is defunct 

-railways and telegraphs have destroyed it. 

Since scheming this address, the gratifying news 
comes to hand that Mr. Aston Webb has received 
the honour of knighthood, and we offer our hearty 
congratulations. He also deserves our thanks for 
instituting a novel condition of competition. The 
competitor must guarantee that the design sub- 
mitted is bona fide his own work. This throws a 
flood of light on one of the abuses of our calling. 

Mr. Henry Tanner, architect to the Post Oftice, 
has also received a knighthood in recognition of 
his able services. 

There is one other matter to which I would 
draw your attention. Whilst doing all in our 
power to promote our united interest, we must not 
forget those who have fallen on evil times—worthy 
but unfortunate brethren—who, seeking a living in 
the profession, have been overtaken by illness or 
financial distress. The Architects’ Benevolent 
Society was formed in 1850, to watch over their 
interests. I venture to commend its good work to 
your notice, and hope that all will contribute to its 
funds according to their means, 

-- To conclude, we who have travelled far on the 
road know the rough places and the smooth—the 
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extent of them also. We would protect the archi- 
tects of the future from the bitter injustice of ill- 
regulated competitions, and the financial loss 
which so frequently accompanies them. 

We would protect them from the empiric, the 
quack, the Pecksniffs which surround them. We 
would lay the “architectural ghost,’’ and scotch 
the architectural impostor. 

The architect of to-day is essentially a pro- 
fessional man—an adviser, learned in matters per- 
taining to the designing and execution of all 
manner of buildings. 

We would give him the protection and status 
which is afforded to other learned professions. 
“Union is strength.” The union we require can 
never be attained unless we have a body of archi- 
tects resting on one foundation—educated in one 
school, governed by one law, protected by the State. 


Mr. Vickers Edwards, in vote of 
thanks to the President for his address, expressed 
the view that the Leeds new markets might have 
been erected for less money, with due regard to 
the interests of the ratepayers. He thought that 
every man who entered upon the noble profession 
of an architect should be registered. 

Mr. W. H. Thorpe | #’.), of Leeds, in seconding 
the motion, mentioned that he was an old member 
of the Architectural Society, and had served on its 
Council for twenty-eight years. He praised the 
good work being done for architecture by the Leeds 
School of Art, and commented upon the excellent 
positions gained by the Leeds candidates in the 
professional examinations. In passing, too, he 
had a good word for the Leeds Arts’ Club. 

Mr. Chas. H. Gott, President of the Bradford 
Architectural Society, supported the vote, which 
was cordially extended. 


proposing a 


Karly in the evening the President distributed 
a series of prizes competed for by the Associates 
of the Society. Mr. Ralph Thorp was awarded a 
silver medal and a cheque for some mea- 
sured drawings of Hemingborough Church, near 
Selby. <A prize for drawings showing the con- 
struction of an entrance hall and staircase was 
won by Mr. Martin $8. Briggs. Designing prizes 
were awarded to Mr. Godfrey L. Clark (first) and 
Mr. J. Crust (second), and prizes for sketching 
were given to Mr. Martin 8. Briggs, and Mr. $. 
R. Wyvill (extra). The prize work was on view at 
the meeting. 

As usual the annual meeting partook of a social 
character. There was a large gathering of members 
and their lady friends. Smoking was permitted, 
and the excellent musical programme was arranged 
by Mr. Percy Robinson, the secretarial duties 
being discharged by Mr. R. P. Oglesby. 
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BRITISH ARCHITECTS [26 Nov. 1904 
The Report of the Council for 1903-04, being 
the Twenty-ninth Report of the above Society, 
states that the total membership is 155, namely, 
35 Honorary Members, 67 Members, and 53 Asso- 
ciates, as against a membership of 152 at the date 
of the last Report. During the Session there have 
been nine Ordinary Meetings, at eight of which 
Papers were read, and eighteen Council Meetings. 
The Preliminary and Intermediate R.1.B.A. 
IXxaminations for the North-Eastern Division of 
the country were again conducted by the Council 
in conjunction with the R.LB.A., in June and 
November 1908, at the Leeds Institute. Mr. Butler 
Wilson represented the Society on the Executive 
Committee of the Leeds Arts and Crafts Exhibi- 
tion. The question of Registration of Architects 
occupied the attention of the Council, and the 
President attended the R.I.B.A. meeting in London, 
called to consider the question. A silver badge of 
oftice, executed by the Bromsgrove Guild of Applied 
Arts, to be worn by the President of the Society, 
was subscribed for by members of the Council and 
ordinary members of the Society. The Council 
appointed a sub-committee to deal with the Leeds 
Corporation Consolidation Bill; whilst approving 
the Bill as a whole, the sub-committee suggested 
alterations to some of the clauses. The Society’s 
library has now been deposited with the Reference 
Department of the Leeds City Library Authorities, 
where the books will be more strictly supervised. 


MINUTES. II. 


At the Second General Meeting (Ordinary) of the Session 
1904-05 held Monday, 21st November 1904, at 8 p.m. 
Present, Mr. Henry T. Hare, Vice-President, in the chair, 
64 Fellows (including 17 members of the Council), 58 Asso- 
ciates (including 2 members of the Council), and numerous 
visitors—the Minutes of the Meeting held 7th November 
1904 [p. 20] were taken as read and signed as correct. 

The Hon. Secretary announced the decease of John 
Norton, F’ellow ; and upon his motion the Meeting resolved 
that a letter of sympathy be sent from the Institute to the 
relatives of their late esteemed Fellow expressing their full 
recognition of his worth as a man and as a colleague, and 
of his merits as an architect. 

The decease was also announced of Henry Ernest Stel- 
fox, of Manchester, Associate, elected 1888 (Ashpitel 
Prizeman 1888). 

A Paper by Mr. W. Dunn, on ConsTRUCTION AND STRENGTH 
or Retyrorcep Concrere, having been read in the author's 
absence by Mr. Robert Watson [4.|, and a Paper on 
Monouiruic ConsSTRUCTIONS IN HENNEBIQUE FERRO-CONCRETE 
having been read by the author, Monsieur L. G. Mouchel, 
a vote of thanks for the Papers was passed by acclamation ; 
and the Chairman announced that, owing to the lateness 
of the hour, the discussion would be adjourned to the next 
Meeting, Monday, 5th December. 

The proceedings then closed, and the Meeting separated 
at 10.20 p.m. 














